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CLINICAL AND EXPERIMENTAL 


URINARY EXCRETION OF Co®-VITAMIN B,, AS A TEST FOR 
EFFECTIVENESS OF INTRINSIC FACTOR PREPARATIONS 


Minton ToporeK, Pu.D., RonaLp C. BisHop, M.D., Norman A. NeELson, M.D., 
AND FRANK H. BeTHELL, M.D. 
ANN Arpor, Micu. 


With THE TECHNICAL ASSISTANCE OF Marion T. Haines, M.T., AND JENNIE 
Kurmovicu, M.T. 


INCE Castle’ developed the concept of ‘‘intrinsic’’ and ‘‘extrinsic’’ factors 

in 1929 to explain the pathogenesis of pernicious anemia and the hematologic 
response observed in patients who received orally a combination of normal 
human gastrie juice and beef muscle, the intensive efforts toward the isolation 
and identification of these factors have been hampered by a lack of adequate 
testing procedures. The major obstacle has been the fact that pernicious anemia 
patients in relapse provided the only basis for testing these materials. Such 
patients are not available in large numbers and, in general, they may be used 
only once for testing purposes. 


The search for the extrinsic factor culminated in 1948 with the isolation 
of vitamin By. by two different groups.” ° Two years later, vitamin B,, labeled 
with Co® was prepared biosynthetically.* Because of its strong gamma radiation 
and the development of sensitive scintillation counters, very minute amounts of 
Co*’-vitamin B,, could be measured accurately. With such a tracer, it became 
possible to investigate the absorption of vitamin B,,. in pernicious anemia patients 
in remission. Furthermore each patient may be used for multiple tests (up 


_ From The Thomas Henry Simpson Memorial Institute for Medical Research, University 
of Michigan, Ann Arbor, and Wayne County General Hospital Eloise, Mich. 
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to the limit of permissible radioactivity as determined by the Atomic Enerey 
Commission) and each test can be completed in much less time than the retieulo- 
cyte response test. 

Three methods which rely on the use of Co®—B,. have now been employed 
to determine deficiencies of intrinsic factor in patients and to evaluate the 
intrinsic factor activity of experimental preparations. The fecal excretion 
method was developed by Welch and associates,® scintillation counting directly 
over the liver was described by Glass and co-workers,® and the urinary excretion 
method was utilized by Schilling and his associates.” * The usefulness of this 
third method for testing various intrinsic factor concentrates as a means of 
controlling further work on these preparations has been under investigation in 
this laboratory.® 


MATERIALS AND METHODS 


Patients.—These studies were done on pernicious anemia patients who had been in 
therapeutically induced remission for some time or who had recently responded to anti- 
pernicious anemia therapy. The usual criteria for the diagnosis of pernicious anemia were 
used: macrocytic anemia, megaloblastic bone marrow, histamine-fast achlorhydria, and 
response to specific therapy. In some patients in remission who had received their original 
diagnosis of pernicious anemia a number of years before, bone marrow examinations had 
not been performed. Several patients had experienced relapse of their disease with omission 
of specific therapy. 


Procedure.—The procedure followed in this laboratory is essentially the one described 
by Schilling.7 The amount of Co%°-B,,* used in these tests was 2.34 wg of vitamin By, 
equivalent to 0.5 we of Co6°, After collecting the 24-hour urine, the total volume and specific 
gravity were noted. A 100 ml. aliquot was evaporated on the steam bath and made up to 
volume in such a way that 2 ml. of evaporated urine was equivalent to 40 ml. of the original 
urine. The radioactivity in the 2 ml. sample was then counted in a Nuclear well-type 
scintillation counter. A sample of the original Co®°-B,, solution was used as a standard 
each time samples were counted in order to correct for variations in efficiency of the counter 
and decay of the Cos, All results are expressed in terms of the percentage of the dose of 
Cos0-B recovered in the urine. Sufficient counts were taken to give a statistical counting 
error of + 2 per cent. Repeated tests on the same patient were performed at weekly intervals. 

Intrinsic Factor Preparations.—Concentrates of hog gastric and duodenal mucosa 
derived from varying amounts of starting material were employed in these studies. The 
preparations were evaluated individually at different doses and no attempt was made to 
compare their relative effectiveness. 


The gastric juice (GJ) used in these experiments was pooled normal human gastri¢ 
juice which was filtered through several layers of cheesecloth, then adjusted to pH 7 and 
kept frozen until used. 


RESULTS 


In the therapeutic response test for intrinsic factor activity, it is important 
to establish that the subject fails to respond to the same dose of vitamin By: 
alone that is subsequently given in combination with the intrinsie factor prep- 
aration. Likewise, in the urinary excretion tests, ideally there should be no 
excretion of Co*—B,. in the 24-hour urine sample. Actually there is a small 


*We wish to thank Dr. Charles Rosenblum and Dr. Nathaniel S. Ritter of Merck & 
Company for the generous supply of Co®-vitamin Biz used in this study. 
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percentage of the dose of Co%-B,, excreted by all pernicious anemia patients 
even when the Co®°-labeled vitamin B,, is given orally without an added intrinsic 
factor souree. 


TABLE I. ORAL Cos0-B,, ALONE ADMINISTERED TO 21 PATIENTS WITH PERNICIOUS ANEMIA 








PER CENT DOSE Co60-B,,* EXCRETED IN 
NO. OF CASES | URINE, FIRST 24 HOURS 


0.2 
3 





. 


DR He bo De RP Oe 


0. 
0. 
0. 
0. 
0. 
ue 
ie 
1 





4 
5 
6 
7 
9 
0 
4 
8 
7 


Total 21 Average 0. 


*2.34 pe, 0.5 uc. 
yAverage of 2 tests on same patient (1.5, 1.9 per cent). 





In Table I are listed the results obtained in a series of control tests in 
which pernicious anemia patients received Co®-B,, alone by the oral route. 
Whereas most of the control values are grouped around 0.5 + 0.2 per cent, 
it was seen very soon after this work was started that high control values did 
occur. The importance of a control test on each patient will become obvious 
later in this discussion when it is pointed out that for intrinsic factor prepara- 
tions of good potency the minimum value for net recovery (per cent recovery 
with Co®’—-B,. and intrinsic factor minus per cent recovery with Co®—B,,. alone) 
is about 2.5 per cent of the dose of Co“’—B,,. in a 24-hour urine sample. 

These data, therefore, would seem to indicate that the condition of 
normality as compared to pernicious anemia with respect to the absorption of 
vitamin B,, is not necessarily an all-or-none proposition. There have been 
other indications of this possibility in reports of responses to daily oral doses 
of as little as 5-25 pg of vitamin B,, without a source of intrinsic factor.*® 

Representative results obtained when the urinary excretion test was 
applied to three experimental intrinsic factor concentrates of unknown clinical 
activity are presented in Table IT. 

It is quite obvious that at the 25 mg. level none of the three preparations 
exhibited any intrinsic factor activity. Yet one of the three, CD, did show 
some activity at a 200 mg. level (1.5 per cent net), illustrating the fact that 
tests at a single dose level may fail to demonstrate the presence of some intrinsic 
factor activity. 

Similar data obtained with the use of clinically potent intrinsic factor 
materials, OA being a coneentrate and GJ normal human gastric juice, are 
included in Table IIT. 

Preparation OA is known to be clinically potent at the 50 mg. level 
and GJ at the 50 ml. level. In the ease of OA at 50 mg., the range of the 
net percentage of the dose of Co*%—-B,. recovered in the 24-hour urine is 
from 2.4 to 7.7 per eent. The lower limit of net recovery of radioactivity for 
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TaBLE II. Tests at 2 DosaGE LEvELS or 3 INTRINSIC Factor (I. F.) PREPARATIONS OF 
UNKNOWN CLINICAL ACTIVITY 








I. F. PREP. AND 


PER CENT DOSE c060-g,,* IN 24-HOUR URINE 

















DOSE = 
(MG. ) PATIENT WITHOUT I. F. WITH I. F. Nl NET 
25 Jiv “% 0.4 (0) = 
AD 25 Nag 0.4 0.: 0 
200 Ble 0.5 0.5 0 
25 Jiv sae 0.2 (0) 
BD 25 Hil 0.2 0.3 0.1 
200 Mah 0.4 0.7 0.3 
25 Nag 0.4 0.1 0.0 
CD 25 Koh 0.3 0 0.0 
200 Las 0.6 1.5 








*2.34 we, 0.5 uc. 


TABLE III. TrEsts or 2 CLINICALLY POTENT INTRINSIC FACTOR PREPARATIONS 














PER CENT DOSE C060-p,,* IN 24-HOUR URINE 





I. F. PREP. AND | 








DOSE | PATIENT WITHOUT I. F. | WITH I. F. | NET 
OA 50 mg. Wal 0.6 4.6 4.0 
50 mg. Kot 1.8 4.2 2.4 

50 mg. Gel 0.3 3.4 3.1 

50 mg. Hyr 1.0 8.7 ES 

GJ 50 ml. Woo 0.7 6.3 5.6 
50 ml. LaB 0.4 4.4 4.0 

50 ml. Fle 0.7 11.4 10.7 





*2.34 we, 0.5 ue. 


samples with good intrinsic factor activity, under conditions of the test as 
described here, is tentatively considered to be about 2.5 per cent on the basis 
of the observations reported in this work and those of Rosenblum and associates.” 
It is to be noted that at the effective levels for both materials, the range of 
net recoveries in the urine is rather wide. 

In attempting to set up this procedure for testing the effectiveness of 
various preparations there still remains an important factor with which to 
contend. There is available, so far, no standardized, completely reproducible 
intrinsic factor preparation with which to attempt to elicit a standard response. 
However, pooled normal human gastric juice seems to be an adequate reference 
standard for use in these tests. It appears that even if, or when, intrinsic 
factor can be obtained in a pure state, the response from patient to patient 
or in the same patient at different times may still vary widely. 

The importance of performing more than one test for the proper evaluation 
of each intrinsic factor preparation under examination is emphasized by the 
results presented in Table IV. 

In this series of tests each of the intrinsic factor preparations was tested 
at three different dosage levels in the same patient while the amount of 
Co®°-B,, was kept constant. Preparations CD and OA were intrinsic factor 
concentrates and GJ was normal human gastric juice. The column designated 
‘*1 Dose’’ represents the net excretion resulting when the amount of intrinsic 
factor used was the known clinically potent dose of OA or GJ and a calculated 
euess in the case of CD based on amount of starting material. The effect of 
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TABLE IV. TESTS or 3 INTRINSIC FAcToR PREPARATIONS AT 3 DOSAGE LEVELS 
Net Per Cent DOSE Co60—B,, IN 24-HouR URINE 








co60-B,,.* AND RELATIVE DOSE OF IF PREP. 
I. F. PREP. PATIENT Y, DOSE I. F. | 1 DOSE I. F.t | 4 x DOSE I. F. 
CD Koh y a 0.0 
OA Kot 
OA Wal 
GJ LaB 
GJ Woo 
*2.34 we, 0.5 wc. 
41 Dose CD = 100 mg; 1 Dose OA = 50 mg; 1 Dose GJ = 50 ml. 














lowering to 14 (‘‘14 Dose’’) or increasing to 4 times (‘‘4 x Dose’’) this known 
active dose of each intrinsic factor material was then determined in the same 
patient. With concentrate CD and in one of two subjects with OA (patient 
Kot) a definite maximum was observed whereas in the second subject with 
OA (patient Wal) a leveling off appeared to be taking place. In the two 
trials with gastric juice, however, no maximum was observed and the leveling-off 
trend, possibly taking place in the case of patient Woo, was not as pronounced 
as with concentrate OA (patient Wal). Glass and associates’? have reported 
similar results with their hepatic uptake method, i.e., an effect on absorption 
when the dose of intrinsic factor source is varied and the dose of vitamin B,, 
is kept constant. It is also to be noted that net recoveries of Co®—B,. are 
usually higher when gastric juice is used as the intrinsic factor source than 
when the concentrates are employed. Rosenblum and associates’! have also 
observed this tendeney toward lower recoveries of radioactivity with the use 
of intrinsie factor concentrates than with gastric juice. 


DISCUSSION 

It would appear from these data that one or both of two factors may 
possibly be operating to give the results observed; namely, (1) concentration 
of inhibitory materials in the intrinsic factor concentrates and (2) a require- 
ment for an optimum ratio of intrinsic factor to vitamin B,.. The first factor 
could conceivably explain the tendeney toward a diminishing effect on absorp- 
tion with inereasing amounts of intrinsic factor concentrates, while the second 
factor may explain the results obtained with gastric juice. In interpreting 
the results obtained in a study on rats, Rosenblum and co-workers" also raise 
the possibility of inhibition of absorption of vitamin B,. in the presence of 
intrinsie factor concentrates. Although the data are insufficient to determine 
if either or both factors influence our results, it should be clear that a series 
of as many as four tests on the same pernicious anemia patient may be required 
for proper evaluation of the potency of experimental preparations. These 
procedures should consist of a control test (Co®—-B,,. alone) and three others 
with varying doses of intrinsic factor concentrate and the same dose of Co®—Byp». 


SUMMARY 
1. The uses and limitations of the urinary exeretion test of Co®’—B,. as 
applied to the evaluation of intrinsic factor preparations have been studied in 
pernicious anemia patients in remission. 
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2. A small percentage of the oral dose of Co*’-B,, is excreted by all 
pernicious anemia patients even when administered without an added source 
of intrinsic factor. Whereas most of these control values are grouped around 
0.5 per cent in a narrow range, high values are frequent enough to require 
a control test on each patient. 

3. Based on the results obtained with the use of normal human gastric 
juice and one intrinsic factor preparation of known clinical potency, a net 
recovery of 2.5 per cent of the dose of Co®’-vitamin B,, in the 24-hour urine 
has tentatively been set as the minimum value which would indicate good 
intrinsic factor activity for an experimental material under conditions of the 
test as performed in this laboratory. 

4. Because inhibitory substances may be concentrated in intrinsic factor 
preparations and because of the possibility of an optimum ratio of intrinsic 
factor to vitamin B,., a series of as many as four tests on the same pernicious 
anemia patient may be required for evaluation of the potency of experimental 
preparations. 
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DEMONSTRATION OF STIMULATION OF ERYTHROPOIESIS BY 
PLASMA FROM ANEMIC RATS USING FE?’ 


Louis F, Puzax, B.A., Water Friep, B.A., LEON O. JAcopson, M.D., 
AND WiuuiAmM F, BerHarp, M.D.* 
Cuicaco, IL. 


INTRODUCTION 


A EARLY as 1906, Carnot and De Flandre’ suggested that a humoral factor 
in the blood plasma of rabbits mediates the production of red cells. In 
1952, Grant and Root? reviewed the pertinent literature and concluded that 
the most tenable theory of red cell production was that of humoral mediation. 
Since then, a great deal of evidence has been presented to substantiate this 
view.*°° Most of the research has been done on the rabbit, with the reticulocyte, 
red blood cell, hemoglobin, and hematocrit values being used as indicators of 
erythropoietic response. 

The presence of such a humoral factor in the blood plasma of the rat is 
described in this paper. Erythropoietie activity was determined by measuring 
the rate of appearance of intravenously administered Fe*® in the peripheral blood 
of normal rats that had been previously injected intravenously with the sub- 


stances that were to be tested. 

1. Method.—The Fe59 was obtained as ferrie chloride in 0.08 N HCl from Abbott 
Laboratories. Carrier iron was added as FeCl,; all solutions were diluted in saline and 
titrated to pH 6 with saturated sodium citrate. Total iron was determined by the method 
of Barkan and Walker.7 Each animal received about 0.8 we Fe59, which was equivalent to 
approximately 400,000 counts per minute (¢.p.m.) in a well-type scintillation counter.t The 
radiotracer was given 2 to 5 hours after the last injection of the test material. Blood 
samples (0.2 ml.) were taken from a tail vein or by cardiac puncture at appropriate intervals 
to determine the concentration of Fe5® in the erythrocytes. The percentage of injected iron 
present in the peripheral blood was then calculated, assuming the total blood volume to be 5 
per cent of the body weight (Table I). 

It has been shown that radioactive iron is removed from the plasma within 4 to 6 hours 
after its injection.8 Furthermore, it has been found that Fe5® does not exchange with the 
iron that is already present in the red cell8; nor is it adsorbed on the mature erythrocytes.® 
Shortly after injection, it appears that the tracer begins to be incorporated into the maturing 
red cell.10 Hence, the measured radioactivity in our samples was an indication of the amount 
of Fe59 contained in the newly formed erythrocytes, and thus this value was taken as a direct 
indication of the rate of erythropoiesis. 


2. The Effect of Anemic Plasma, Normal Plasma, and Saline on Blood 


Volume.—The data in this paper are based on the assumption that the blood 
volume at the time of sampling is not increased by the massive plasma injections. 


From the Argonne Cancer Research Hospital, Chicago, Illinois. 
Received for publication July 1, 1955. 
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In order to verify this, an experiment was performed in which the blood volume 
of the recipients was determined after the injection of normal rat erythrocytes 
that had been labeled with Na.Cr*'O,. The red cells were tagged with the 
‘adiotracer by the method of Gray and Sterling."' 

Method.—One milliliter of Cr®1-labeled red cells was injected intravenously into a group 
of 4-month-old Sprague-Dawley male rats. Twenty-four hours following the injection of the 
labeled red cells, the rats were weighed, and a 0.5 ml. sample of blood was withdrawn from 
each rat to establish the preinjection blood volume. These rats were divided into three groups: 
one to receive daily injections of pooled plasma from anemic rats (bled sufficiently to reduce 
the hematocrit to below 20 per cent); one to receive pooled normal rat plasma; and one, 
saline. The volumes injected intravenously on three successive days were 3, 3, and 4 ml. 
Twenty-four hours following the last injection, the rats were weighed, and a 0.5 ml. sample 
of blood was taken by cardiac puncture from each of the recipients in order to determine 
the postinjection blood volume. 


The data, presented in Table I, show that there is no significant difference 
between the blood volumes of rats injected with saline and those injected with 
the plasmas. 


TABLE I. PRE- AND POSTINJECTION BLOOD VOLUMES 








PREINJECTION POSTINJECTION 
BLOOD VOLUME BLOOD VOLUME PER CENT CHANGE 
(% OF BODY WEIGHT) FLUID INJECTED (% OF BODY WEIGHT) IN BLOOD VOLUME 
5.1 Saline 5.9 +16 
D1 Normal plasma 6.1 +20 
5.1 Anemic plasma 5.9 +16 








These data also support the finding that in rats the blood volume is 
approximately 5 per cent of the total body weight. 

It has been shown that Cr*! is lost from the red cell after 24 hours,” and 
this loss combined with erythrocyte destruction accounts for the ‘‘inerease’’ in 
volume. Because intravenous injections of massive volumes of saline are com- 
pletely cleared from an animal within several hours, the postinjection saline 
value represents the corrected blood volume, and injections of anemic and normal 
plasma likewise do not affect this volume at an interval of 24 hours after the 
last injection. 

3. The Correlation of the Effects of Saline and Normal Plasma on Fe’ 
Uptake.—Several investigators® ° have reported that normal plasma has no 
stimulating effect on erythropoiesis. For this reason, a comparison was made 
between the effects of injections of normal plasma and saline in order to confirm 
these observations and to learn whether saline could be substituted for normal 
plasma as a control in our subsequent experiments. 

Rats were divided into 8 groups so that normal plasma and saline could 
be compared under various experimental conditions. The results of the com- 
parison are summarized in Table II. 


No significant difference was found between the effects of saline and normal 
plasma under the variety of conditions examined. Therefore, saline was sub- 
stituted for normal plasma as the control in the experiments described below. 
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TABLE II. A COMPARION OF THE EFFECT OF INJECTIONS OF SALINE AND NORMAL RAT PLASMA 
ON ERYTHROPOIESIS IN RATS 








EXPERIMENT if | : 4 
Number of rats in each 4 7 
group 
Number and volume of in- 3 x 3 ml. 2 x 4.0 ml. 4 x 4.6 ml. 3 3¢ 4omb 
jections 
y of Fe injected 114 110 38 34 
Interval of samples after 22 hr. 19 hr, 18 hr. 18 hr. 
Fe59 injection 








Average % Uptake of Fe59 





Normal plasma recipients 12.5 13.3 21.2 
Saline recipients 12.5 14.1 19.5 





4. The Effect of Frequency of Injection and of Various Volumes of Anemic 
Plasma.—In order to quantitate the amount of anemic plasma necessary to 
stimulate erythropoiesis significantly, a series of experiments was performed in 
which (a) the number of injections of plasma was varied and (b) the volume of 
each injection was altered. 

Erslev? found that two injections of anemic plasma, together equivalent to 
about 1.6 per cent of the weight of the animal, did not elicit a reticulocyte, 
hematoerit, or red cell response in rabbits. He found that 4 daily injections, 
totaling the approximate blood volume of the animal, were needed to effect a 
significant rise in the number of reticulocytes. 

The number of injections of anemic plasma necessary to elicit a significant 
response was determined by the following experiments in which groups of rats 
received the same total volume of plasma but spread over different periods of 
time. The results are given in Table ITI. 


TaBLE IIT. THe Errects oF NUMBER OF INJECTIONS OF ANEMIC PLASMA ON ERYTHROPOIESIS 
IN Rats 








AVERAGE UPTAKE TO 
DAILY INJECTIONS OF | ANEMIC PLASMA % UPTAKE IN SALINE 
EQUAL VOLUME (TOTAL VOLUME) RATS RECIPIENTS 
EXPERIMENT (NO. ) (ML. ) (NO.) (RATIO OF %) 
1 2 12 1.87 
3 12 1.95 
4 12 é 1.56 
3 s 1.58 


1 3 1.00 











The data in Table III demonstrate that, with 3 injections of plasma, the 
maximum effect is obtained. 

Fig. 1 summarizes the results obtained by varying the total volumes of 
anemie plasma given over the 3-day period. Samples were taken 19 hours after 
the injection of the Fe®® (100 y Fe per milliliter). Individual values are 
indicated by x, and the line connects the average values for each set. The 
results indicate that 2 ml. of plasma given daily for 3 days elicits the maximum 
effect with the greatest economy of plasma. 


Although the figure illustrates the significant effect obtained with 1 ml. 
injections of anemic plasma (equivalent to 1.3 per cent of rat body weight) on 
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Fe®® uptake, a better response was obtained when twice this volume was used. 
The response of the individual rats showed less variability with the three 2 mi. 
injections. 
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Fig. 1.—The effect of injections of various volumes of anemic plasma on uptake of Fe”. 


5. Determination of the Proper Sampling Interval and an Evaluation of th 
Use of Carrier Iron.—Using the method described previously, we attempted to 
ascertain the time after the injection of radioiron when the greatest difference 
in uptake would be found between the rat treated with anemic plasma and that 
treated with saline. It is advantageous to withdraw only one blood sample to 
demonstrate the rate of erythropoiesis. Single sampling eliminates the possible 
alterations that might result from previously drawn samples. 

Typical Fe°® uptake curves are shown in Fig. 2. The curves indicate that 
the best sampling interval is approximately 20 hours after radioiron is injected. 
After this interval, the rate of Fe®® uptake is similar for both the saline and 
anemic plasma recipients. 

Variations in the amount of carrier iron added to the Fe®® influenced the 
percentage uptake (Fig. 2). It was practically impossible to control completely 
the amount of iron given to each animal in the different experiments owing to 
the hygroscopic property of the FeCl, (state of carrier iron) and the inherent 
difficulties in the quantitative analysis of minute quantities of iron. Hence, 
this method as such could not be employed satisfactorily as a bio-assay procedure. 
In order to correct this, a series of experiments was conducted in whieh earrier 
iron was not used. This alteration in procedure enabled us to achieve approx- 
imately the same Fe°® uptake values in several experiments (Table IV). 
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The fact that the effect of the anemic plasma was not as great in these 
experiments as was demonstrated when the carrier iron was employed suggested 
that a sampling period other than 20 hours be tried. Thus, rats were sampled at 
12, 15, or 20 hours after the injection of the radioiron. Fig. 3 presents our 
evidence demonstrating that the sampling period at which time the ratio of Fe’ 
uptake by anemic plasma recipients to that by saline recipients is greatest 
occurred 12 hours following the injection of carrier-free Fe*®. Karlier samples 
were not considered adequate measures of uptake because with erythropoictic 
inhibitors, an earlier sample may be contaminated with plasma Fe*® if the plasma 
clearance time is increased considerably. In addition, there is a possibility that 
the administered plasma might cause fluctuations in the blood volume during 
the first 12 hours after its injection. 
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Fig. 3.—Ratio of Fe® uptake by recipients of anemic plasma to that by recipients of saline. 


6. Optimum Time for Injection of Radioiron.—If the injection of the Fe’ 
is delayed for 24 hours after the last injection of anemic plasma, a measurement 
of Fe*®® uptake will not reveal any erythropoietic stimulation because such an 


TABLE V. UPpTAKE OF FE59 INJECTED 24 Hours AFrTerR LAST INJECTION OF SALINE OR 
ANEMIC PLASMA 








| TIME AFTER PLASMA 
RATS INJECTION BEFORE FE59 FE59 UPTAKE AT 24 
SUBSTANCE INJECTED (NO.) INJECTION (HR.) HOURS (%) 
Saline 7 24 41.6 
Anemic plasma 11 24 40.2 
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effect is not measurable during this interval (Table V). This lack of effect 
after one day is further indieated by the approximation of the slopes of the 
eurves shown in Fig. 4 after the 18-hour sample. Thus, injections of Fe°® 
should be given within a few hours after the last injection of plasma. 
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Fig. 4.—Effect of length of time between last plasma injection and Fe® injection on uptake 


of Fe, 


SUMMARY 


Plasma from rats made anemic by bleeding contains a humoral factor that 
stimulates erythropoiesis in normal rats. The activity of this humoral substance 
has been demonstrated by an increase of the rate of incorporation of Fe*® into 
red blood cells following infusion of anemic plasma. An amount of anemic 
plasma equal to about one-half the rat’s blood volume is required to cause the 
Stimulation. Best results were obtained with 3 doses of 2 ml. each. The Fe? 
solution must be injected within a few hours after the final infusion of anemic 
plasma, and blood samples should be obtained 12 hours afterward. 


We wish to acknowledge the cooperation of Dr. Eugene Goldwasser. 
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A METHOD EMPLOYING RADIOACTIVE CHROMIUM FOR ASSAYING 
THE VIABILITY OF HUMAN ERYTHROCYTES RETURNED TO 
THE CIRCULATION AFTER REFRIGERATED STORAGE 


JOHN G. GrBson, II, M.D., AND WALTER A. SCHEITLIN, M.D. 
Boston, Mass. 


ADIOACTIVE chromium (Cr°!) was first used for tagging human red cells 
R by Sterling and Gray’ as a means for determining circulating red cell 
volume. Their studies showed that the isotope was taken up by erythrocytes, 
and that when these cells were infused intravenously, they retained the iso- 
tope for a length of time sufficient to obtain a reasonably accurate dilation 
value for the calculation of red cell volume. 

The behavior of radiochromium-tagged cells, after intravenous infusion, 
has been studied by several authors. Ebaugh, Emerson, and Ross? returned 
fresh tagged cells to the individual from whom they were obtained and found 
radioactivity to persist in cireulating red cells for a period about equal to the 
lifespan of the recipient’s own untagged cells as determined by the Ashby® 
method of differential agglutination, the two measurements being made on the 
same blood samples. 

These authors concluded, from experiments in which cireulating red cell 
Cr°t was followed in the blood of recipients of tagged cells, that the disap- 
pearance of the isotope was not a simple linear or exponential function. Read,‘ 
however, presented data strongly suggesting that a single exponential ex- 
presses the decline in circulating radioactivity as a function of time. 

Evidence has been presented that the disappearance of the isotope from 
the cireulating cell mass is due not only to the removal of tagged cells from 
the blood stream, but also to a progressive loss of chromium from the cells 
while in cireulation. 

Necheles and associates’ found that Cr*! elutes from infused tagged red 
cells at a constant rate of about 1 per cent of the remaining activity per day. 
Eadie and Brown® determined loss to be a random phenomenon occurring at 
an average rate of 0.9 per cent per day. 

Evidence has been presented that chromium from destroyed tagged cells 
does not become incorporated in other red cells.” 

There is a general agreement that the metal chromium, when used in very 
sniall amounts, is not toxie to red cells. Eadie and Brown® employed a dose 
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from 2 to 4 ng per cubic centimeter of packed cells. Necheles and co-workers? 
found no increase in mechanical fragility of red cells at levels up to 30 pg per 
milliliter of cells. Ebaugh and associates? employed doses of from 2 to 8 pg 
per milliliter and considered these nontoxic. 

We have found that chromium in an intracellular concentration of 5 wg per 
milliliter of cells increases the rate of efflux of potassium under incubation in 
physiologic buffer solution at 37° C. above control levels, probably through al- 
teration of membrane permeability. Concentrations below this level produced 
no detectable change. 

The chromium does not leach out of red cells during refrigerated storage. 
We have found no significant change in the unit activity of red cells of ACD 
blood tagged at concentrations from 0.29 to 1.2 »g per eubie centimeter up to 
forty days of storage. We have also determined that prolonged storage does 
not decrease the ability of citrated red cells to take up radiochromium. 

The use of radiochromium for following the postinfusion viability of 
stored erythrocytes has been described by Ebaugh and associates.* 

In all cell survival experiments, whether carried out by the differential 
agglutination method or by a radioactive tracer, it is essential to establish the 
‘100 per cent retention value’’: the unagglutinable cell count or unit activity 
that would result from complete retention of all the infused cells in the blood 
stream. The usual procedure is to determine the recipient’s red cell volume 
independently, and compute the theoretical 100 per cent retention value on a 
dilution basis. 

Ebaugh and associates? determined red cell volume: by the dye method,’ 
but also ecaleulated a 100 per cent retention value based on the radioactivity 
of the recipient’s cells following infusion. They plotted the unit activities 
on semilogarithmic paper and extrapolated a fitted line to the time of infusion. 
In addition, they obtained a 100 per cent retention value by extrapolating the 
linear slope of the Ashby data to the time of infusion. 

A comparison of survival percentages up to twenty-four hours after in- 
fusion obtained by the 4 methods shows the extreme to vary over a range of 
from 0 to 14 per cent. The values based on extrapolation of Cr*! data average 
3 per cent higher than those based on nonagglutinable cell counts. 

A radioactive chromium method has been used in this laboratory to assay 
the postinfusion viability of red cells stored under experimental conditions. 
This report is a description of the technique employed in several series of 
viability studies. Our procedure has been confined to studies with homologous 
cells only. 


PROCEDURE 


The radioactive chromium used in these experiments was supplied* as an aqueous 
solution of sodium chromate. The solution was received in glass bottles closed with a self- 
sealing rubber stopper, permitting repeated safe entry with a hypodermic needle for re- 


moval of small aliquots. 


*By Abbott Laboratories (Rachromate). 
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Material of high specific activity has been obtained. Initial assays have been of the 
order of 0.3 to 1.0 wg of chromium per microcurie. Thus sufficient activity in donor cells 
has been obtained without exceeding an uptake of over 2 wg of chromium per milliliter of 
cells. 

Blood was collected by standard phlebotomy procedures into glass bottles or plastic 
bags, usually in 500 ml. amounts. Various anticoagulant and preservative solutions were 
used. Bloods were stored under refrigeration, at 5° + 1° C., for varying periods. The 
bloods were removed from the refrigerator about two hours prior to infusion, After 
thorough mixing, the aliquot of blood to be infused was transferred to a small plastic bag 
(Fenwal Transfer Pack No. TA-3) which has a capacity of about 150 ml. The inlet tube 
of the infusion bag, integral with the bag, has an attached plastic coupler designed to 
pierce the outlet port of the collection bag. After the transfer pack was filled with blood, 
the inlet tube was dielectrically sealed about 2 inches distal to the point of entry. 

Radioactive chromium was added approximately two hours prior to infusion, the bag 
being left at room temperature thereafter until infused. From 0.1 to 0.3 ml. of radio- 
active sodium chromate was withdrawn from the bottle, with sterile precautions, into a 
sterile tuberculin syringe with a 26 gauge needle. The inlet tube of the infusion bag was 
swabbed with tincture of iodine, pierced with the needle, and the radioactive chromium 
was injected into the bag. The syringe was removed from the needle, and filled to 1 ml. 
with sterile 0.85 per cent NaCl, which was then injected to flush all the chromate solution 
into the bag. The tube was then clamped proximal to the point of puncture with a hemo- 
stat, which was left in place. The contents of the bag were thoroughly mixed by manual 
shaking and kneading. 

About ten minutes before infusion, 1 ml. of a sterile solution of ascorbic acid* was 
added in the same manner as described for the introduction of radioactive chromium. 
Read+ has shown that reduction of the chromate ion renders the red cell membrane im- 
permeable to the metal. This procedure permits the infusion of whole blood or resus- 
pended cells, since the possibility of plasma-borne radioactive chromium tagging recipient 
cells is eliminated. Assay of samples of tagged blood showed from 80 to 95 per cent of 
the radioactive chromium to have been taken up by the red cells. 

Blood was infused directly from the transfer bag using a Fenwal recipient set with 
filter and drip chamber (No. HB-92D). The coupler of the set was inserted into the outlet 
port of the infusion bag, the air was expelled from the tube, and a 10 ml. aliquot of blood 
was taken for measurement of cell and plasma radioactivity. The bag with hemostat and 
attached recipient set was then weighed. Infusion through a 17 gauge needle was com- 
plete in from five to seven minutes. The empty bag and set were again weighed, giving 
the weight of the infused blood. The volume of cells infused was computed by dividing 
the net weight by the specific gravity of whole ACD blood (1.050) and multiplying by the 
hematocrit value over 100 obtained on the donor sample. The initial postinfusion sample, 
or series of samples, were taken within the first thirty minutes from the start of the in- 
fusion. 

Thereafter, samples were taken at intervals of from one to four days up to twenty- 
two days after infusion. Ten milliliters of heparinized blood were drawn without stasis 
from an antecubital vein, to provide a 4 ml. whole blood, a 2 ml. plasma aliquot and 
hematocrit for each sample. Ostwald pipettes were used for blood and plasma. 

Standard Pyrex culture tubes without lip, 13 x 100 mm. (Corning No. 9820), were 
used for counting. A drop of toluene was added, as a preservative, to the contents of 
each tube. Tubes were stoppered with No. 2 corks, which were not reused. As samples 
accumulated they were stored under refrigeration. 

Aliquots of donor whole blood and plasma were prepared for counting as follows: 
An hematocrit (Wintrobe) was determined on donor whole blood, the tube being centri- 
fuged for thirty minutes at 3,000 r.p.m. using an International Equipment Company Head 
No, 240. Five milliliters of donor blood was centrifuged to obtain plasma, One milliliter 


_—— 


*Upjohn: 1 ml.=50 mg. ascorbic acid and 1 mg. sodium bisulfite. 
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of whole donor blood was added to 10 ml. of distilled water, and 2 ml. of this 1 to 11 dilu 
tion were pipetted into a counting tube, in duplicate. A similar dilution of donor plasmz 
was made and 2 ¢.c. pipetted into a counting tube, in duplicate. 

Aliquots of recipient blood were prepared for counting as follows: Four cubie cen 
timeters of whole blood was pipetted into a counting tube. The tube was then centrifuged 
at 3,000 r.p.m. for thirty minutes, to concentrate the cells in the lower portion of the tube. 
Plasma was not removed. At the same time a tube containing about 5 ¢.c. of whole blood 
was centrifuged to obtain plasma, 2 ¢.c. of which was pipetted into a counting tube. 
Plasma samples were prepared only for samples drawn during the first two days after 
infusion, since it was found that thereafter plasma contained no detectable radioactivity 
above background. 

The scintillation counter* used in this work has a rated operating voltage of 2,200 
volts. Calibration using radioactive chromium as a source showed it to have a plateau 
between 2,000 and 2,400 volts. A lead shield,t providing 3 inches of lead below and around 
and 114 inches above the tube, maintained a background of about 110 «p.m. A stainless 
steel absorber fitting the well in the crystal was used.{ While preliminary counting runs 
were taken to check the progress of experiments, the data used for final calculation of 
viability were obtained from a run in which all samples were counted, usually within a 
three-hour period. 

Unit activities (¢.p.m. per cubic centimeter of cells) of donor (UaD) and recipient 
(UaR) cells were calculated from the following equations: 

Wd x F —- Pd x F x (1-Het) 
1. UaD a Het ; Where 
Het em.3 of cells in 1 ml. of donor whole blood, 
WD ¢e.p.m. per 2 ml. of diluted donor whole blood, 
Pd e.p.m. per 2 ml. of diluted donor plasma, 
F dilution factor (5.5). 
2 tas — Wr — Pr (1-Het) where 
5 Het , 








Het = em.3 of cells in 1 ml. of recipient blood, 
Wr = ¢.p.m. in recipient whole blood sample (1 ml.), and 
Pr = ¢.p.m. per 1 ml, of recipient plasma. 


The 100 per cent retention value of the infused cells was calculated from the total 
radioactivity given as tagged cells, and the circulating red cell volume, the following equa- 
tion being used: 

VD x UaD 
3. R a. eee where 
R = the 100 per cent retention value in ¢.p.m. per milliliter of cells, 
VD = volume of the infused tagged (Cr51) cells in milliliters, 


UaD = e.p.m. per milliliter of infused cells, and 
a. = 


circulating red cell volume in milliliters. 


Two methods of measuring red cell volume have been employed: the dye method? 
and a radiophosphorus method. 

The determination of the recipient’s red cell volume with P82 was carried out as 
follows: One hundred milliliters of blood was collected in a plastic bag equipped with an 
integral donor tube and two protected inlets, and containing 15 ml. of sterile pyrogen free 
ACD.§ Radioactive phosphorus (as a solution of the sodium salt) was then added through 
the donor tube and the blood was incubated at 37° C. for one hour in a water bath. The 

*Supplied by the Nancy Wood Laboratory, Chicago, Ill., Model SC-2L. 

{7Made by Laboratory Associates, Inc., Belmont, Mass. 

fA Model 182-X Ampliscaler supplied by Nuclear Chemical and Instrument Company, 
Chicago, Ill, was used. 

§The plastic equipment was purchased from Fenwal Laboratories, Ine., having been 
made to our specifications. 
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bag was then centrifuged and the supernatant plasma expressed through the donor tube by 
application of external pressure. Sterile saline solution in an amount approximately equal 
to that of the removed plasma was then added through one of the sterile inlets, the blood 
was mixed and again centrifuged, and the supernatant fluid expressed through the donor 
tube. This washing procedure was repeated and a final dilution of the cells made in sterile 
saline. 

Thirty milliliters of a suspension of tagged washed cells was infused for determina- 
tion of the recipient’s red cell volume, Prior to infusion a sample of blood was removed 
from the bag for measurement of red cell radioactivity. Blood samples were taken at 
five, eight, and twelve minutes after the infusion of tagged cells and assayed for radio- 
activity. P32 radioactivity was measured with a Robinson Argon Flow eounter.* Donor 
whole blood was diluted 1 to 21 with whole blood, but donor supernatant and recipient 
whole blood and plasma were not diluted. Samples were prepared for counting by pipetting 
1 c.c. into a aluminum planchette and drying at 37° C. 

Red cell volume was calculated from the equation 

: V x UaD 
ever = —“T- where 
Vrr = the red cell volume in milliliters, 
V = the volume of tagged red cells infused in milliliters, 
UaD and UaR = the unit activity (¢.p.m. per milliliters per cells) of donor blood in- 
fused and recipient samples collected, respectively. 


On completion of the red cell volume determination, the chromium-tagged stored 
blood was infused, the percentage of retention of viable cells being caleulated as de- 
scribed previously. 

When P22 is used for determination of red cell volume a correction for the beta radi- 
ation detected on the scintillation counter must be made for samples collected for measure- 
ment of radiochromium on the day of infusion. This correction need only be applied to 
samples collected for Cr51 assay immediately after infusion of chromium-tagged cells, 
since, with the amount of P32 used, no significant level of beta-ray radioactivity remains 
in either recipient plasma or red cells after twenty-four hours. 

‘For this correction 4 ml. samples of recipient blood are collected at the same time 
as the samples for P22 assay, and processed and counted as described for Cr51 whole blood 
samples. 

While it was known that a portion of infused stored cells is rapidly cleared from the 
circulation, it appeared probable that if the tagged cells were rapidly infused, and samples 
collected very soon after completion of the infusion, the extrapolation to t = 0 of the 
slope of unit activities of cells from such samples, plotted exponentially, should yield a 
value proportional to the true circulating cell volume, and constitute a valid 100 per cent 
retention value. The principle involved is the same as that employed in the dye plasma 
method, where a slope fitting the dye concentrations of individual samples is extrapolated 
to the time of dye injection. 

When this procedure is used, the value of R is calculated as follows: 

VD x UaD 
R = Taki? where 
R = the 100 per cent retention value in ¢.p.m. per milliliter, 


VD and UaD are as in Equation 3, and 
UaR1 — the unit activity in ¢.p.m. per milliliter of recipient cells, obtained by extrapola- 
tion. 


- oe the courtesy of Dr. A. K. Solomon, Department of Biophysics, Harvard Medical 
Scnool, 
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The percentage survival of cells of postinfusion samples was calculated from the fol- 
lowing equation: 


ot aa UaR 

6. 8 =k” where 
S = survival in per cent, 
UaR = unit activity of postinfusion sample cells in ¢.p.m. per milliliter, and 
R = as in equations 3 and 4. 


The S values for individual postinfusion samples were plotted on semilogarithmic 
paper and a fitted line extrapolated to day zero. The intercept was taken as the immediate 
mean survival of all the infused cells and is termed the viability of the stored blood. 

The fitted line is then prolonged to intercept an ordinate equal to one-half the 
viability percentage. The number of days corresponding to the intercept is the radio- 
active half-life of the infused viable cells, The slope may then be defined in per cent 
of radioactivity lost from the circulating red cells per day, and this is taken as an index 
of the life expectancy of the originally surviving cells, being termed the index of viability. 


RESULTS 

The value for R obtained by extrapolation of Ua Cr*! values of immediate 
postinfusion samples may be used for calculation of the recipient’s circulating 
red cell volume by the following equation: 


VD x UaD 
7. Vrr = ——— , where 
R ? 
Vrr = circulating red cell volume in milliliters, and 


VD, UaD, and R are as in Equation 3. 


In five experiments in which red cell volume was measured by the dye 
method, the average value was 3 per cent less than obtained by P* (Kqua- 
tion 4). Since the value calculated by Equation 4 includes the infused cells 
which are not measured by the dye technique, the values obtained by the two 
procedures are in fair agreement. In twenty-five experiments the mean of 
red cell volumes measured by extrapolation of Cr°! values (Equation 7) of 
male subjects ranging in age from 19 to 32 years and in weight from 62.9 to 
84.2 kilograms, was 2,252 ml., or 31.0 ml. per kilogram with a standard devia- 
tion of 3.2 ml., the coefficient of variation being 10 per cent. This compares 
with a mean value of 29.8 ml. per kilogram with an 8.D. of 3.45 ml., and co- 
efficient of variation of 11.4 per cent reported for a group of 40 normal males, 
ranging in age from 18 to 24 years and in weight from 63.3 to 90.0 kilograms, 
in which red cell volume was determined by the radioiron method.* 

The protocol of a typical experiment is as follows: 

Experiment CT-42: The subject was a 38-year-old male physician; height 175.3 em.; 
weight 66.0 kilograms; Blood group A, Rh +. 

May 19, 1954: 


11:00 a.M. Blood removed from refrigerator and mixed. 
11:05 A.M. 150 ml. of blood transferred to infusion pack. 
11:10 a.M. Radiochromium added: 0.04 ml. injected through inlet tube with tuberculin 


syringe, washed in with normal saline solution. Bag mixed and left at 
room temperature. 

11:55 a.m. 1.0 ml. of ascorbic acid added. 

12:03 P.M. Sample removed for hematocrit and radioctive measurement of donor 
blood. 

Weight of bag before infusion, 204 grams. 
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12:12 PM. 


2:14 P.M. 


2:24 P.M. 
2:34 P.M. 


Blood infused. 

Weight of bag after infusion, 74 grams. 

Weight of blood infused, 130 grams. 

Volume of blood infused (Weight ~ 1.050), 124 ml. 
Hematocrit of blood, 41.6. 

Volume of cells infused, 51.7 ml. 

Sample A collected. 

Sample B collected. 

Sample C collected. 


Samples D through K, inclusive, were collected on dates as indicated in Table I in 
which are listed days after infusion, hematocrit, cells in sample, radioactivity in whole 
blood and plasma samples, and in cells corrected for plasma radioactivity, unit activity, 


and per cent survival. 


TABLE I. 


HEMATOLOGICAL AND RADIOACTIVE DATA AND CALCULATED VALUES FOR Ua AND PER 


CENT SURVIVAL IN EXPERIMENT CT-40 








SAMPLE 
NO, 





RADIOAC- 
TIVITY COR- 
RADIOAC- | RECTED FOR 
HEMATO- TIVITY IN | PLASMA 
CRIT CELLSIN| SAMPLE | ACTIVITY va 
(PER SAMPLE | (C.P.M.x | (C.P.M. Xx (C.P.M./ 
SAMPLE OF | CENT) (ML.) 10°) 10°) ML, x 10°) 























SURVIVAL 
(PER 
CENT) 





Oro W 


CT-40 P 
CT-40 Aw 
A Pp 


Bw 
Bp 

Cw 
Cp 

Dw 
Dp 
Ew 
Ep 

Fw 
Gw 
Hw 
Iw 

Jw 
Kw 


i hy 


6 
8 
aE 
13 
18 
20 


Whole blood, 44.6 9.634 
donor 
Plasma, 0.811 
donor 
Whole blood, : . 5.913 
recipient 
Plasma, re- 0.061 
cipient 
v 40.0 5.443 
0.068 
39.4 : 5.406 
0.060 
44.3 es 4.754 
0.028 
44.5 : 4.240 
0.013 
44.9 é 4.043 
43.7 ‘ 3.916 
43.5 : 3.544 
44.1 : 3.400 
44.5 : 3.120 
43.4 rs 2.910 


bo 
ww 
jr) 
or 


bet bet bet BO DO BO 
AI S dO bo 
“OUD WP OF 
amoaunace 


97.2 
98.0 
78.0 
69.5 


66.3 
65.8 
60.0 
56.7 
51.5 
49.4 





The 


The unit activity of recipient samples (example: Sample 


unit 


U 


, activity of donor blood was calculated from data 


9.634 x 103 x 5.5 x (8.11 x 102 x 5.84 x 10-1) 


iia x we = 12 = 205 








a = 


the data in Table I and Equation 2: 


Uak — 9.903 x 103 — (6.1 x 1021 x 5.75 x 10-1) _ 385 x 103 
ene 4.25 x 10-1 eer 





in Table I by Equation 1: 


A) were calculated from 


In Fig. 1, the UaR values for Samples A, B, and C are plotted on semilogarithmic 
per, The best fitting line (by inspection) extrapolated to t = 0 intercepts the ordinate 


at 3.40 x 103 e.p.m. per milliliter. 


This is taken as the 100 per cent retention value. 
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The percentage of survival value of subsequent samples, calculated by dividing the 


value for UaR by 3.40 x 103 is listed in Table I and also plotted in Fig. 1. The best fitting 
line extrapolated to t = 0 intercepts the ordinate at the 76 per cent level. This is taken 
as the mean immediate survival, and is termed the viability of the infused cells, 

Since only 76 per cent of the infused cells were found viable, the 50 per cent clear- 
ance value is 38 per cent. The projection of the slope of disappearance intercepts the sur- 
vival level at thirty-two days after infusion, Fifty per cent divided by 32 days gives an 
index of viability of 1.56, a value about at the lower limit of normality as described 
in the test. 


































100 
EXTRAPOLATION OF PER CENT SURVIVAL 
90 VALUES OF SAMPLES GIVES IMMEDIATE 
SURVIVAL OF INFUSED CELLS = 76% 
80 
a) 
a 70 
= SLOPE 
ra 60 INTERCEPTS 38 % LEVEL 
5 AT 32 DAYS 
7p) 
— 
= 50 -—- 
oO INDEX OF VIABILITY = 1.56 
ta 
a 40 
30 ! | 1 ! ! | | 
0 12 24 36 48 
DAYS AFTER INFUSION 
5000 
oO EXTRAPOLATION OF SLOPE OF UoR OF 
Oo SAMPLES A, B AND C TO t=O GIVES 
o 100 % RETENTION VALUE = 3.40 «10° C.P.M./CC. 
wi 4000 F- 
a. 
= 
3000 1 - : 
0 of 17 27 


MINUTES AFTER INFUSION 


Fig. 1.—Graphic representation of data in Table I, indicating derivation of values for 100 per 
cent retention, viability, and index of viability. 


The viability of the stored cells determined in 25 experiments ranged from 
58 to 88 per cent, averaging 80 per cent. At this level of retention of viable 
cells, the method of obtaining a theoretical 100 per cent retention value by 
extrapolation of the unit activities of samples obtained within thirty minutes 
from the beginning of infusion corrects for cells lost during infusion, mixing 
and sampling, and is a valid basis for caleulation of the 100 per cent retention 
value. The procedure is not recommended for experiments in which the per- 
centage of nonviable cells may exceed 20 per cent. 
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DISCUSSION 


The real nature of the ‘‘tag’’ of red cells by chromium is not well under- 
stood. The claim of Sterling and Gray’ that the metal is bound by globin ap- 
pears to be questionable, in view of the finding of Lionetti and associates® 
that washed red cell ghosts take up chromium. The bond is obviously not 
extremely tenuous because of the observation of all workers that the metal is 
eluted from tagged cells prior to their disappearance from the circulation. It 
is also apparent that elution rates may vary with individual bloods, with the 
length of the storage period, and in different portions of the tagged cell popu- 
lation. It is therefore not surprising that conflicting opinions should have 
been expressed as to the mathematical formula that best described the decline 
in isotope concentration in the cireulating cell mass. 

Our data, obtained in experiments in which there were wide differences in 
the degree of viability of the infused tagged cells, as evidenced by osmotic 
fragility tests, indicate that the true disappearance curve is composed of two 
and possibly three components. There is an initial extremely rapid phase, 
corresponding to the period of rapid removal of nonviable cells as disclosed 
both by the Ashby* and radio-iron'® methods. This is followed by a slower 
decline which usually persists up to fifteen to twenty days after infusion. Per- 
centage retention values obtained during this period, when plotted on semi- 
logarithmic paper, appear to conform most closely to an exponential decay. 
After twenty days an even slower rate of disappearance is observed. 

Our chief concern has been to find a method of treating the observed data 
that would supply the sharpest line of demarcation between the presence in 
the circulation of those red cells irreversibly damaged during storage and 
those which persist in the circulation long enough to be regarded as function- 
ally viable. Ideally, a correction for elution of the isotope should be made 
for each sample, and the corrected values used for plotting. Data for such 
correction are not available. 

We have therefore used the slow component ‘of the curve, with values 
plotted exponentially, as the slope which best expresses the rate of disappear- 
ance of the viable portion of the infused cells, fully realizing that the procedure 
is no more than an approximation of the true state. It is apparent that a better 
approximation of the percentage of viable cells infused is obtained by ex- 
trapolation of this slope to t = 0, than can be obtained from the per cent sur- 
vival value of single samples taken arbitrarily at twenty-four to forty-eight 
hours after infusion. 

The dose of radiochromium infused in our subjects ranged from 40 to 
60 ne. Frank and Gray™ have caleulated the initial level of radiation (based 
on formulas of Marinelli and eo-workers,’? in a 70-kilogram individual receiv- 
ing 100 ne at 0.003 REP per day, with a lifetime dosage of about 0.1 REP. 
The initial dose in our recipients ranged from 0.001 to 0.002 REP per day. 
The dose of P** administered ranged from 6 to 12 ne, or from about 0.1 to 0.2 
we per kilogram of body weight. The concentration of P** required to produce 
total dose of 1 REP has been calculated by Solomon" to be 3.7 ne per kilo- 
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gram. Thus the total dose due to P** received by our recipients did not exceed 
0.06 REP. The radiation received by our recipients from both isotopes is well 
within the accepted lifetime tolerance dose of 0.8 REP per week. 
Ninety-five experiments have been carried out to date without any un- 
toward effects, immediate or late, in the recipients. 


SUMMARY 


1. A method for determining the postinfusion survival of stored human 
erythrocytes employing Cr*! as a tag is described. 

2. A closed system for tagging and administration of whole blood elim- 
inates risks of contamination involved in cell washing. 

3. The initial radiation received by recipients in a typical experiment is 
approximately one-fifth of accepted tolerance dose. 
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ELECTROPHORESIS IN AGAR PLATES 
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GAR has been used as a medium for electrophoresis for as long as fifty years. 
Field and Teague,! in 1907 separated toxins and antitoxins in a U-tube 
filled with agar, but it was not until 1949 that a careful study of this method 
was undertaken by Gordon and his collaborators.2, Meanwhile paper was experi- 
mented with in electrophoretic separation of proteins (Kunkel*) and amino acids, 
and, due to the simplicity of this technique, it was widely adopted. However, 
paper is not a perfect medium for zone electrophoresis. Its main disadvantages 
are: (a) its anisotropy due to the existence of fibers; (b) its reticular struc- 
ture which appears to increase the path which the molecules must follow; (¢) 
its small power of water retention; and (d) its opacity which makes it unfavor- 
able for colorimetric studies. Even though agar has none of these defects, 
Gordon’s work was not followed by extensive use of his method for routine 
analysis of protein mixtures. 
In view of the superiority of agar over paper we thought it would be worth 
while to undertake a careful study of the conditions in agar electrophoresis with 


the view of simplifying the technique (Bussard*). As a result of this study a 
simple agar-plate technique was developed which makes possible the determi- 
nation of electrophoretic mobilities. Such a method should be extremely useful 
for the electrophoretic separation of charged molecules for which specific ac- 
tivity tests ean be performed in the agar layer itself. 


MATERIALS AND METHODS 


Agar.—Commercial agar contains colored impurities making it unsuitable for photo- 
metri¢ analysis after electrophoresis. Two methods were used for its purification. The first 
is a simple washing technique described by Oudin.5 The second is based on the freezing and 
thawing procedure described by Pavlov® and suggested by Coté.7 A 3 per cent solution of 
commercial agar is frozen at —10° C. for 24 hours. The frozen mass is then put into a 
water bath at 50° C.; the ice thaws while the agar remains solid. After decantation the 
agar is brought in solution to the same initial volume, and the freezing and thawing pro- 
cedure is repeated. The solution is then adjusted to 1 per cent, filtered while hot, and 
concentrated to 2 per cent or more. NaCl (1 per cent) and 3 volumes of ethanol are added 
at room temperature before the agar solidifies; the agar precipitates in white floccules, 
which are removed by decantation and filtration, washed with ether, and vacuum-dried. 
This last procedure yields a light white powder which dissolves readily in hot buffers to 
give a clear gel. 

The nitrogen content of commercial agar* was found to be 0.14 per cent. After 
either of the afore-mentioned purifications the N content was 0.03 per cent. No specific 
absorption band in ultraviolet light (from 150 to 400 my) was found for either the com- 
iercial or the purified agar. 

From the Institut Pasteur, Paris, France. 

Received for publication April 17, 1955. 

*Difco “Bacto Agar.” 
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A pparatus.— 
Electric source: A constant voltage transformer supplying an adjustable rectifier was 
used ensuring a stable input. A battery (12 or 24 volts) can be used very conveniently for 
long duration experiments with small fields. 

Electrodes: To avoid pH changes and the development of gas bubbles, nonpolarizable 
electrodes were used. ‘T'wo types of electrodes have been used: a classical silver-silver 
chloride electrode and a zinc, ZnSO,, Na.SO, type. The first is the type used in the Tiselius 
apparatus, but the silver wire is included in a solid agar block (6 per cent) saturated with 
NaCl. These electrodes are stored in a saturated solution of NaCl between runs. To avoid 
loss of AgCl, each electrode is used alternatively as cathode and anode. The other type of 
electrodes consists of a zinc wire immersed into ZnSO, solution in a Cellophane bag, this bag 
being itself immersed in a larger Cellophane bag containing Na,SO, solution. The two 
concentric bags are immersed in the electrode vessels. 





Fig. 1.—A view of the complete apparatus. 


Electrode vessels: These vessels are usually rectangular plastic dishes, connected by 
rubber tubing to bring the buffer surface in the two vessels to the same level. This connec- 
tion is closed by a clamp during an experiment. 

Cooling system: To prevent overheating of the plates, an airflow cooling system is 
used. A small electric fan is placed at a convenient distance from the plates (usually 25 
em.). To avoid evaporation the blown air should have a high degree of humidity. This is 
achieved by placing strips of wet cloth in front of the fan. These are constantly wetted by 
a water bath beneath. 

Agar plates: The agar is supported by a glass plate of a size suitable for the par- 
ticular experiment. Usually photographic glass of 6 by 18 em. is used. To avoid liquid flow 
between the glass and agar during electrophoresis (as mentioned by Gordon2) the plates 
were coated with agar.5 A 3 per cent agar solution was found to be the most satisfactory one 
for this purpose. 
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The solution of agar in buffer, made at 1.25 per cent in most experiments, is poured 
while still hot onto the plates, which are kept strictly horizontal in a trough to ensure 
uniform thickness (usually 3.5 mm.). When the agar has solidified, the plates are lifted 
and small holes are punched in the agar. One of the holes is always filled with a 2 per 
cent glucose solution in agar to follow the electro-osmotic flow. The substances to be 
studied are brought to ionie equilibrium. (usually by dialysis) with the buffer and mixed 
in a hot water bath (50° C.) with a concentrated agar solution so as to bring the final 
salt and agar concentrations to the proper values. The mixtures are then introduced with 
a pipette in the holes and allowed to gel. The holes are finally covered with agar. The 
plates are placed with their extremities on the lips of the electrode vessels and the elec- 
trical connections are made by thick gauze pads impregnated with agar. 

The apparatus is shown in Fig. 1. 

Plastic cover: To prevent evaporation during the run, the plates are covered with a 
plastic layer. This is done by painting the surface and the sides of the plates, as well as the 
gauze pads, with a solution of polyvinyl chloride in methylene chloride.* This gives a tough, 
waterproof pellicle which can be easily peeled off at the end of the run. 

Detection of the Constituents.—After electrophoresis the plastic pellicle is removed 
from the plate and the presence of the substances is detected by appropriate methods. To 
detect glucose, or other carbohydrates, an imprint on paper is made by gently pressing a strip 
of Whatman 1 filter paper on top of the plate for one minute. After drying, the substances 
are revealed by specific staining procedures. 


! 31). 
° ! 
8 
Glucose 
position i 





Fig. 2.—Electrophorogram of a normal serum. 





For proteins the plates can be either printed on paper or directly colored by a variety 
of methods. One of the simplest is the standard staining technique for paper electrophoresis 
with bromophenol blue and HgCl, in acetic acid solution. The staining requires a longer time 
for agar than for paper, since the dye has a longer path to diffuse in. After dyeing, the 
plates are thoroughly washed with dilute acetic acid for about 24 hours, washed in distilled 
water, and finally dried in an incubator at 37° C. (Fig. 2). 

The dry plates can be submitted to photometric scanning; we have used a modified 
Leres automatic recordert for that purpose. 


RESULTS 
Conditions During Electrophoresis.— 
Evaporation: For maintaining good buffering capacity, the ionie strength 
ss ee # 4 Age : 
(1/2) should be 0.05 to 0.1. We have measured the conductivity of such buffers. 


*Lucanol 240%is, St. Gobain Chemical Co., Place des Saussaies, Paris. 
jManufactured by L. E. R. E. S. Company, 9 Cité Canrobert, Paris. 
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Table I shows that buffered agar at 1 and 1.25 per cent has almost the same 
conductivity as buffer alone. At 21° C. it is even slightly higher. 


TABLE J. CONDUCTIVITY OF BUFFER AND AGAR 








CONDUCTIVITY OF AGAR 
(IN MHOS x 104) 
CALCULATED FROM 
MEASURED IN THE ELECTRICAL CONDUCTIVITY 
CONDITIONS A CELL CONDITIONS BUFFER 
No salt. Agar 1% 2.3 
No salt, Agar 2 % 4.3 


Agar 1% Veronal 
Buffer pH = 8, 6 + = 0.05 32.0 








Agar 1, 25% Veronal 
pH = 8,6 > = 0.1 


Agar 1% Phosphate 
fe 75 So = C1 


Agar 1.25 
Tr 
Borate pH = 9.1 5 = 0.1 





*Measured with A. C. 


The heat developed during electrophoresis with media of such conductivity 
, cae ; , re 
is not negligible. For instance, with a phosphate buffer pH = 7.0, 5 = 0.1, 


the conductivity (k) of the gel being 44 x 10-* mhos (as measured in the plate) 


at 21° C. the intensity of the current (I) is 53 x 10° for a potential gradient 
of 6 volts per centimeter with a plate of 0.35 em. thickness and 6 em. width. 
The energy dissipated is 53 x 10-? watt per square centimeter. In Fig. 3 it ean 
be seen that the temperature of the plate (measured with a thermocouple) rises 
to 4° C. above room temperature. 

If, then, a ventilator is switched on, the temperature falls by 2.5° C. only. 
Thus it is necessary to decrease the intense evaporation which follows (90 per 
cent of the initial weight of the agar with 44 x 10-° watt per square centimeter 
in 220 minutes). 

A deposit of plastic coating (as described in the technical data) on the top 
and the sides of an agar plate reduces evaporation, under the same conditions, 
to 26 per cent. Table II shows these water losses measured by weighing the 
plates before and after experiments. In Experiment 2 the weight loss is only 14 
per cent. If wet air instead of dry air is used for cooling, the weight loss is 
greatly reduced (Experiments 5 and 6) and drops to a negligible value. 

Another way of greatly reducing the heat effect is to perform the electro- 
phoretic runs for a long time with smaller potential gradient. For an agar 


: : . ; I 
plate with borate buffer, thickness 3 mm., > = 0.1 and a field of 1 volt per 


centimeter, the energy dissipated is 2 x 10-° watt per square centimeter. During 4 
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run of 15 hours at room temperature (22° C.) the temperature rise is less than ‘| 
0.5° C. and the water loss is 9 per cent in absence of air cooling. The electro- 
phoretic separations were good. 
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Fig. 3.—Temperature and resistance changes in an agar plate and weight loss during elec- 
trophoresis. 


The respective roles of evaporation and of electrophoretic flow (in causing 
water loss) can be seen in Table II by comparing the weight change produced 
in a plate submitted to a constant field to that produced by an alternating field 
(50 eyeles). The differences in the losses represent the water lost by electro- 
osmosis and not replaced by buffer from the anode vessel (Table III). This is 
due to the inability of the connections (usually gauze impregnated with agar) 
to replace completely the water lost by eleetro-osmosis. In Experiment 4 this 
loss is reduced by shortening the length of the connections and by bringing the 
level of the buffer in the electrode vessel nearer to the level of the plate. 


TABLE III. ELrEcTRO-OSMOTIC FLOW AND WATER LOSSES 

















ELECTRO- | TOTAL 
OSMOTIC AMOUNT OF | DURATION OF 
EXPERI- FLOW WATER MOVED |. WATER LOSS EXPERIMENT 
MENT NO. (ML,/HOUR) (MI. ) (IN Mt.) | (IN %) (IN MIN.) 
1 4.6 11.5 4.5 39 150 
3 4.4 8.9 5 ao 120 
4 4.0 13.1 1.8 Sd 195 
6 4.7 9.5 os 0.46 4.8 120 





In Experiment 6 the net loss is small due to cooling with wet air instead 
of dry air, preventing drying of the connections. 

Agar behaves in a very different manner from paper toward desiccation 
and reabsorption, as may be seen in Fig. 4. A paper strip (Whatman 1) loses 
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80 per cent of its water content in 150 minutes, whereas agar uncoated loses 
only 10 per cent. If gauze connections are then established between the paper 
strip or the agar plate, and a vessel filled with buffer (difference between the 
two levels = 1.5 em.) the paper reabsorbs water very rapidly, whereas the agar 
continues to lose water by evaporation. After 20 hours the agar had lost 45 
per cent of its water, while the paper had actually increased its water content 
(because of capillary movements in the gauze) ; this shows that agar ensures a 
much greater constancy in water content than does paper. 
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Fig. 4.—Weight losses in an agar plate and a paper strip. 


Movements of Uncharged Particles in Agar. Study of Electro-osmosis.— 
The movement of the fluid inside the gel, directed toward the cathode in the 
experiments presented here, is due to electro-osmosis which, in turn, is due to 
the asymmetry of charges in the innumerable canals existing in the gel, the 
apparent net charge of the free fluid being positive. 

A way of measuring the electro-osmotie flow is to follow the movement of 
uncharged substances in solution in the buffer. Hydrogen peroxide is the 
smallest of these substances. It was mixed with agar and poured in the hole 
just before the run. At the end of the experiment the plate was colored with 
a mixture of silver nitrate in ammonia and sodium hydroxide. 

The ratio of movement of glucose to movement of H.O. was found to be 1. 
Glucose may then be used conveniently to measure the electro-osmosis in the gel 
and to compare this movement to the movement of charged molecules. There 
is, however, a limitation, i.e., glucose cannot be used as a marker of electro- 
osmosis with borate buffer because of complex formation with the borate ions. 
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Electro-osmotie mobilities (Eo) are recorded in Table IV. They are 
measured at temperatures between 22° and 27° C. for 1.25 per cent agar 
and expressed in units of electrophoresis. Eo is found to vary little from 
pH = 4* to pH = 8.6; moreover, the stated values are constant for fairly long 
runs. This is not the case with paper electrophoresis as Engelke and co- 
workers® have shown recently. Above pH = 6, Eo was always smaller than the 
mobility of serum albumin. 


TABLE LV. ELECTRO-OSMOTICG FLOW IN AGAR 





ee ELECTRO-OSMOTIC 
EXPERI- — DURATION VELOCITY 
MENT | | = FIELD OF THE RUN (CM2/VOLT1/ 
NO. TYPE pH 2 VOLTS/CM. (MIN. ) SEC™1x105) 


Acetate 4.1 0.03 120 
4.1 0.05 90 
Phosphate 6.1 0.05 120 
6.1 0.05 120 
0 0.1 150 
eB 0.05 120 
a 0.05 195 
oop 0.1 94 
8.0 0.05 130 
8.0 0.1 90) 
8.0 0.1 90 10.8 
8.0 0.1 840 10.6 
Barbitu- 8.6 0.05 5. 150 7.05 
rate 8.6 0.05 53 150 8.3 
8.6 0.05 6.5 120 7.05 
8.6 0.1 0.9 855 8.15 
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Since the dimensions of an uncharged molecule may influence its mobility 
in agar, several substances with different dimensions were studied. They were 
glucose, two types of levan,t human carboxyhemoglobin, and human y globulin 
at their isoelectric points. Table V shows the results. 


TABLE V. RELATIVE MOBILITIES OF DIFFERENT UNCHARGED MOLECULES COMPARED TO GLUCOSE 








EXPERI- | HUMAN 
MENT CARBOXY- HUMAN Y 
NO. | H.0, LEVAN LB 4 | HEMOGLOBIN | GLOBULIN | LEVAN LB 14 


Molecular Weight 34 +108 60.000 170.000 +106 —™S 


| 








w~M 3.2 10 39, 55. 100 
1 1.24 1.24 


wm OO bo 


Mobility of glucose 
Mobility of x 





(oo Bor m1 


g* 
10 
11 1 


*IXxperiment 9 was performed at 9° C. and Experiment 10 at 4° C. All other experiments 
were performed between 25° and 27° C 





*The use of agar at low pH is not to be recommended as agar becomes fragile. 


*The levans (fructose polysaccharides) were extracted from cultures of B. Subtilis, and 
kindly supplied by Dr. Dedonder of the Institut Pasteur. 
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Small molecules of levan LB 4 move with the same speed as glucose, while 
big molecules (molecular weight about 10°) move more slowly. The relative 
mobility of levan decreases with temperature. Human carboxyhemoglobin at 


pH = 6.9, : = 0.1 (the mobility in the Tiselius at 3° C. is <0.1 x 10°°) is slowed 


down to 87 per cent of glucose mobility, this effect being also increased by 
decreasing the temperature. In any case carboxyhemoglobin at its isoelectric 
point is difficult to study as it presents a high degree of trailing from the 
starting point to the head of maximum color density. On the other hand, 
human y globulin (Fraction II Squibb) shows no retardation effects as com- 
pared to glucose at pH = 6.0. 


Movements of Charged Molecules.— 


Small ions: Radioactive phosphorus (P*?) was used to follow the move- 


. 5 ‘ : erm 
ments of ITP**O, in phosphate buffer (pI = 7.3 > = 0.1). 





on 
{o) 
(e) 
oO 





mT x | | 
O 20 50 74 90 
TIME IN min 


Fig. 5.—Movement of HP**O4 recorded by radioactivity measurement. 








COUNTS/MINUTES 


A Geiger counter was put in a lead container with a slit perpendicular to 
the axis of electrophoresis. It was placed at 0.5 em. from the top of the agar 
plate, the axis of the slit being at 5 em. from the starting hole on the anode 
side. A total amount of 0.03 ¢.e. of phosphate with approximately 2 x 10° 
counts per minute was used. The change in radioactivity per centimeter was 
followed during the runs (potential gradients of 5 and 4 volts, respectively). 
One result is shown on Fig. 5. There is a very clear-cut maximum 74 minutes 
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after the beginning of the run. The mobility of the phosphate ion, taking 
into account Eo, can be calculated. It was, in the two experiments: 

p = — 38 x 10° em.?/volt see. 
at 25° C. This is of the order of magnitude of the mobilities of other small 
ions as determined in the Tiselius apparatus. 

Provided that the temperature is carefully controlled, which is especially 
easy with small fields, electrophoresis in agar should provide a convenient 
way for measuring ionic mobilities and transference numbers with isotopes. 
It is interesting to note that there is very little retention of the phosphate in 
the agar, except at the starting point where 1 per cent of the initial amount 
of radioactivity remains. 

With the radioactive phosphate it was also possible to measure approxi- 
mately the amount of substance transferred to the paper by the imprint tech- 
nique. When a dry paper (Arches No. 302, thickness 0.2 mm.) was gently 
pressed on the surface of the agar for 1 minute, 8 per cent of the radioactive 
phosphate was transferred from the plate to the paper, 10 per cent of the 
remaining with a following imprint of 2 minutes and 11 per cent with a last 
imprint of 10 minutes. Thus it was possible to take from the plate an ap- 
preciable amount (25 per cent) of the material subjected to electrophoresis 
in order to submit it to special tests (chemical analysis, enzymatic reactions, ete.). 

Serum proteins: The relative mobility of human serum proteins has been 
determined at different pH and ionic strengths, the ordinate of the peaks of 
photometric analysis giving the position of the different protein species. The 
results are recorded in Table VI. Relative mobilities of a (or a, and a. when 
buffers bring a good resolution) and £ globulins compared to serum albumin 
are well within the range of values usually found with the Tiselius apparatus 
( Alb. _ Alb. ~ Alb. 


, 


ay QA» B a 


3; = 15; = 2.2, veronal pH 8.6 = =O01... 


TABLE VI. RELATIVE MOBILITIES OF HUMAN SERUM CONSTITUENTS 








BUFFER __ #& ALBUMIN 
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Barbiturate 8.6 0% 28°-30° 
8.6 Oe 28°-30° 
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For y globulins the results are not in such good agreement. Errors come 
mainly from the determination of maximum density of the spot due to the 
small mobility of y globulins; small absolute errors on the positions of glucose 
and y spots give important relative errors on the mobilities. 

To make good measurements of absolute mobilities requires a constant 
field, a good control and knowledge of temperature, and a measure of the 
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viscosity of the medium. These conditions are fulfilled with the second method 
used: small field (1 volt per centimeter) applied for 15 hours. The viscosity 
correction to obtain a value for mobility at 0° is higher than the ratio: 
viscosity of water at 22° C. divided by viscosity of water at 0°, and needs to 
be directly measured. 


Trailing of proteins in agar: It has been noted with radioactive phosphate 
that there is practically no retention of this small ion in the agar, except a 1 
per cent retention in the hole. The retention of proteins has been studied with 
human serum albumin (Beringswerke Lot 606/607), (S.A.), and yz. human 


1 


globulin (Fraction IT, Squibb Lot 1222) at pH = 8. a = 0.05 — veronal buffer, 


or pH 8.0 = 0.05 — phosphate buffer. After dialyzing for 24 hours (with 


agitation), the substances were subjected to two types of experiments. One 
type consists of reversing the polarity of the electric field after 2 hours and 
leaving it two more hours in the reversed sense. The position of the proteins 
after the first two-hour run was determined by an imprint on paper. There 
was no detectable retention over the whole track traveled by the proteins. 

Another way of detecting a possible retention is, after a first run of two 
hours, to rotate the field at 90° and to run the electrophoresis for an equal time. 
This has been done with human y, globulin; the result (Fig. 6) is that the pro- 
tein spot takes an elliptical form, showing the relative heterogeneity of the 
material, but no material is left in the path followed by the protein. 


Fig. 6.—Two dimensional pattern of y globulin. 


Thus, there is practically no chromatographic retention of material in the 
agar, except for a small constant retention in the hole, the reason for which is 
not clearly understood, as it oceurs even though the agar poured inside the 
hole has exactly the same nature, ice., salt concentration, pH, ete., as the sur- 
rounding medium, except for its protein content. 
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A number of runs were made with P**-labeled phage T.. The plates were 
afterwards dried with infrared, and radioautograms were performed. Despite 
the large size of phage T. there was a small but definite movement of the par- 
ticles toward the anode. A small amount of radioactive material of high mo- 
bility was also detected. 










DISCUSSION 





From the above results it appears that agar, as it had been seen clearly 
by Gordon and his associates,? is one of the best supporting media for zone 
electrophoresis. 

A. The structure of the gel causes no resistance to the movement of 
molecules up to the size of human y globulin. The free space, with 1 per cent 
agar, is almost equal to that of free solution.® 1° The situation is quite dif- 
ferent with other media. With a potato starch column, the free section meas- 
ured by us was found to be 40 per cent of the column section. For paper, the 
ratios of paper conductivity to buffer conductivity offers a way to estimate 
the free space available, as pointed out by Kunkel.’ These ratios run from 
0.58 to 0.77 for different buffers. For agar they are very near 1 (Table I). 

B. The absence of trailing of most proteins must be emphasized. It con- 
stitutes a very definite advantage over paper. 

C. Using simple methods it is possible to reduce the water losses of agar 
to a negligible value. Even if there is still some evaporation, it does not lead 
to important liquid flow, as it does in paper. Thus, the only fluid movement 
during electrophoresis is the electro-osmotie flow, which is constant through- 
out the run for a given buffer and field strength. 

In view of these characteristics of the agar gel, it is possible, with our 
technique, to determine electrophoretic mobilities with a reasonable accuracy 
and a considerable simplification as compared to the free electrophoresis method. 

The transparency of 1 per cent agar is a great advantage. Direct photo- 
metric analysis ean be made on the plate, either by ultraviolet photometry, 
or by coloration in situ, drying of the plate, and subsequent scanning. With 
the latter procedure, smooth curves are obtained, showing none of the small 
irregularities inherent in the paper technique, and almost no background. 

Although the agar plate technique is not intended for preparative pur- 
poses, it is possible to fractionate mixtures containing up to 50 mg. of pro- 
teins. The fractions can be eluted from agar by cutting it into strips, trans- 
ferring them into a series of syringes, and foreing the buffer through. Alter- 
natively the liquid can be separated from the agar by rapid centrifugation. 

Although the advantages of agar as a medium for zone electrophoresis 
has not passed unnoticed, it has mainly been used for a few limited pur- 
poses.’*"* The technical improvements and controls which have been re- 
ported above should, in our opinion, encourage a much more general use of 
this method. 






























SUMMARY 





A study of the physical conditions during electrophoresis in agar, aS 
compared to paper, has been undertaken. 
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1. The almost negligible resistance offered by agar to the movement of 
most proteins was confirmed. 

2. The absence of trailing of proteins was noted. 

3. The evaporation during electrophoresis can be decreased to a negligible 
value by coating the plate with a plastic pellicle. This allows the use of buf- 
fers of convenient ionic strength. 

4. Detection and determination of the amount of proteins can be per- 
formed by direct staining of the plates and subsequent photometric sean- 
ning. Because of the transparency of dry agar, photometric measurements 
are better than those made with paper. 

5. With these improvements the agar plate technique permits the meas- 
urement of mobilities of charged constituents. 
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STUDIES ON COPPER METABOLISM 
XV. THE EXCRETION OF CopPpER BY ANIMALS 
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W. H. Moretrz, M.D., G. E. Carrwricut, M.D., ANp 
M. M. Wintrope, M.D., Pu.D. 
SALT LAKE Ciry, UTAH 


HE excretion of copper has received comparatively little attention. The 

excretory products, sweat! and urine,”** contain negligible amounts of copper. 
Following the oral or intravenous administration of radiocopper to normal human 
subjects, less than 1 per cent of the activity is recovered in the urine.°* 

Several investigators have suggested that the main route of copper excretion 
is by way of the biliary tract. In 1929 Flinn and Inouye’ administered 20 mg. 
of copper chloride daily to a cat which had been subjected to cholecystostomy. 
About 0.24 mg. was excreted in the bile in the first two days. On the fourth day 
1 mg. of copper was found in the bile and this level persisted until the fifth 
day when the animal died. No control values were obtained. Van Ravesteyn” 
studied the excretion of copper in human subjects. He found that normal bile 
contains 35 to 205 ng copper per 100 ml. Following the intravenous administra- 
tion of copper he noted an immediate rise in the copper concentration of bile 
collected by duodenal drainage from normal subjects or directly from patients 
with biliary fistulas. This increase in biliary copper concentration was followed 
a few days later by a rise in the copper content of the stool. The facet that the 
excretion of copper in the bile did not appear to parallel that in the feces led 
Van Ravesteyn to conclude that part of the copper in the feces was excreted 
directly through the intestinal wall. Recent studies” ° with radioactive copper 
administered intravenously to normal human subjects indicate that about 9 to 33 
per cent of the radioactivity is recovered in the stools, but interpretation of these 
results is difficult because it is not known what proportion of the copper recovered 
in the stools was excreted through the bile and what proportion was exereted 
directly through the intestinal wall. 

It has been demonstrated recently’ that following the oral or intravenous 
administration of radiocopper, patients with Wilson’s disease exerete less radio- 
copper into the stools than do normal subjects. In order to interpret this finding 
it seemed desirable to study the relative importance of the normal pathways for 


the exeretion of copper. 
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The purpose of this paper is to present the results of studies which were 
carried out in animals in an effort to determine the relative importance of the 
kidney, liver, and intestine in the excretion of copper. In addition, studies are 
presented on the influence of compiete biliary obstruction on the plasma copper 


level. 
METHODS 


Sixteen adult mongrel dogs and 4 pigs were used in this study. The dogs were fed 
commercial dog food. The pigs used were of the Chester-White breed and weighed 35 to 45 
kilograms at the beginning of the experiment. They were fed a purified diet (crude casein) 
containing a complete vitamin supplement.11 The animals were kept in stainless steel 
metabolic cages while excreta were being collected for copper analysis. The cages were washed 
daily with tap water and rinsed with glass-redistilled water. 

Two types of surgical procedure were carried out. In the dogs designated as ‘‘bile 
duct ligated,’’ the common bile duct was ligated and severed about 2 em. proximal to its 
entry into the duodenum. In three of the dogs one or two smaller bile radicals were found 
in addition to the main ‘‘common bile duct.’’ In such eases, all the ducts which could be 
identified were ligated and severed. All of the dogs so treated developed hyperbilirubinemia, 
marked bilirubinuria, and acholie stools. 

In the dogs designated as ‘‘cholecystojejunocystostomy’’ the common bile duct was 
ligated and severed, and communication between the gall bladder and urinary bladder was 
established. A segment of jejunum about 10 em. in length was isolated with its blood supply 
intact. Continuity was re-established between the bowel proximal and distal to the isolated 
segment. The proximal end of the isolated segment was sutured about an incision in the gall 
bladder and the distal end of the segment was anastomosed to the urinary bladder. Thus, all 
the bile was diverted from the stool and eliminated with the urine. After operation these 
animals received 600,000 units of procaine penicillin intramuscularly twice daily for three 
days. They lived for several months and showed no ill effects from the operation. They ate 
normally and did not lose weight. One dog suffered cicatricial stenosis of the system at the 
site of anastomosis to the gall bladder. This animal became jaundiced and was excluded 
from the study. 

The methods for the determination of plasma copper,!2 tissue copper,13 and urine copper’ 
have been described in previous publications from this laboratory. 

The radioactive copper (Cu64) used in these experiments was obtained as cupric4 
acetate.* Radioactivity in urine and stool was determined in a well-type, thallium-activated, 
sodium iodide crystal scintillation counter with an efficiency of 5 per cent for Cu.64 All 
values were corrected for isotope decay. The results are expressed in proportion to the 
radioactivity injected. 

EXPERIMENTAL 

One millicurie of radiocopper was injected intravenously into 3 normal 
dogs, 3 dogs with bile ducts ligated, and 2 dogs with cholecystojejunocystostomies. 
The radioactivity in the stools and urine was measured for a period of 100 hours 
following the injection. The results are presented in Table I. 

The control animals excreted an average of 0.6 per cent of the injected 
radioactivity in the urine and 8.4 per cent in the stools. In the animals with 
ligated bile duets, an average of 2.8 per cent of the administered activity was 
recovered in the urine and 3.2 per cent in the stools. In those with cholecysto- 
jejunoeystostomies the results were different in the 2 animals. Reinjection of 


*Through an allocation from the U. S. Atomic Energy Commission. 
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Dog 5 with a larger quantity of carrier copper than had been given previously 
gave results identical with those which had been obtained after the first injection. 
The two dogs exereted an average of 10.8 per cent of the injected radioactivity 
in the urine-bile mixture and 1.5 per cent of the injected radioactivity was 
recovered in the stools. 

If the results are expressed as per cent of the total activity excreted, it is 
found that the control dogs excreted 7 per cent in the urine and 93 per cent 
in the stools; those with ligated bile ducts excreted 47 per cent in the urine and 
53 per cent in the stools; those with cholecystojejunocystostomies excreted 88 
per cent in the urine-bile mixture and 12 per cent in the stools. 

The cumulative per cent of excretion of radioactivity in the urine and stools 
in one dog from each group is depicted graphically in Fig. 1. 


TABLE I. EXCRETION OF INTRAVENOUSLY ADMINISTERED COPPERS4 BY DOGS 























| | CARRIER COPPER | INJECTED ACTIVITY EXCRETED 

DOG ADMINISTERED PER CENT 

GROUP | NO. MG, | MG./KG, URINE | sTooL. | TOTAL 

Control 25 1.6 0.1 0.7 13.1 13.8 
1 0.8 0.1 0.5 8.5 9.0 
3 0.8 0.1 0.6 3.6 4.2 
Mean 0.6 8.4 90 
Bile Duct 12 1.6 0.1 2.1 1.5 3.6 
ligated 32 1.4 0.1 1.2 2.2 3.4 
18 24.2 1.4 5.0 6.0 11.0 
Mean 2.8 3.2 6.0 
Cholecysto-jejuno- 5 1.4 0.1 14.8 1.7 16.5 
cystostomy 4 0.8 0.1 2.8 1.0 3.8 
5 16.2 2.0 14.8 Le 16.5 
Mean 10.8 1.5 12.3 





In order to study the exeretion of copper in the urine of animals given 
large amounts of nonradioactive copper over an extended period of time, 0.5 mg. 
of copper per kilogram of body weight, as copper sulfate, was injected intra- 
venously daily after a six- to 10-day control period. This amount of copper was 
given to 1 control animal for thirty-two days, to 1 dog with ligated bile duct 
for thirty-three days, and to 1 animal with a cholecystojejunocystostomy for 
fifty-six days. The results, expressed in pg of urine copper per kilogram of body 
weight per day, are presented in Fig. 2. 

No significant increase in daily output of copper in the urine was observed 
in the control dog. In the animal with the bile duct ligated there was a significant 
and progressive increase in the daily urinary excretion of copper. During the 
first twenty-nine days of intravenous copper administration, this animal re- 
ceived 203 mg. of copper and excreted about 12.4 mg. in excess of the base line 
value. Thus, about 6 per cent of the intravenously administered copper ap- 
peared in the urine. In the dog with choleeystojejunocystostomy, there was a 
significant and progressive increase in the daily urinary-biliary excretion of 
copper. During the first twenty-nine days of intravenous copper administration 
this animal received 145 mg. of copper. Urine was not collected daily but if it is 
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Fig. 1.—Cumulative excretion of radioactivity in the stools and urine of a normal dog, a dog 


with the bile duct ligated, and a dog with a cholecystojejunocystostomy. 
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: Fig. 2.—Excretion of copper in the urine of a normal dog, a dog with the bile duct 
ligated, and a dog with a cholecystojejunocystostomy before and during the administration 


of 0.5 mg. of copper per kilogram of body weight per day by the intravenous route. 
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assumed that there was a progressive increase in copper excretion from the 
eleventh to the twenty-seventh day, it can be estimated that this animal excreted 
about 12.6 mg. of copper in excess of the base line value. Thus, roughly 9 per 
cent of the administered dose was exereted in the bile plus urine. If such a 
calculation is made for the entire fifty-six days of intravenous copper admin- 
istration, it can be estimated that this dog exereted approximately 14 per cent 
of the administered copper in the bile plus urine. 

In order to study the influence of ligation of the bile duct on the plasma 
copper level, this operation was performed on 6 dogs and 4 pigs. Two of the 
dogs were given no supplemental copper, 2 received supplemental copper by 
mouth, and 2 received copper intravenously every day. Two of the pigs were 
given no supplemental copper and 2 were given daily injections of copper 
intravenously. The plasma copper level was measured weekly for three weeks 
prior to ligation and at weekly intervals thereafter. The results are summarized 
briefly in Table II where the mean values prior to ligation are compared with 
the values at the termination of the experiment. No significant elevation of the 
plasma copper level was observed in any of the animals. Beeause of the degree 
of variation from week to week and because no upward trend was noted 
consistently following ligation of the bile ducts, the apparent increase recorded 
for 2 dogs (Nos. 1 and 15) in Table II cannot be considered significant. 





THE INFLUENCE OF LIGATION OF THE BILE DucTS ON THE PLASMA COPPER LEVEL 





TABLE II. 





PLASMA COPPER 
uG/100 ML. 





COPPER ADDED 























ANIMAL AMOUNT (MG./ | NO. 
ANIMAL NO. | KG./DAY) | ROUTE | DAYS BEFORE | AFTER 
Dog 1 None 91 65 109 
2 None 50 50 58 
16 0.5 O 35 92 104 
21 0.5 O 46 65 74 
15 0.5 Bg 34 66 144 
17 0.5 i V. 40 68 80 
Pig 14-54 None 61 210 212 
14-57 None 73 167 170 
14-53 0.5 LW 57 245 250 
14-55 0.5 LY. 54 205 175 





O refers to oral; I.V. refers to intravenous. 





















At the termination of the experiment, 2 dogs (Nos. 1 and 15) and all 4 
pigs were sacrificed. The livers were removed, weighed, and analyzed for 
copper. The total copper content of the liver of Dog 1 was 87 mg. and in Dog 
15 it was 214 mg. Dog 15 had been given 180 meg. of copper by injections; 
whereas Dog 1 received none. If it is assumed that the initial liver copper in 
Dog 15 was 87 mg., then 127 of the 180 mg. of administered copper (70 per cent) 
was retained in the liver. The total liver copper of Pigs 14-54 and 14-57 was 17 
and 5 mg., respectively. The total liver copper of Pigs 14-53 and 14-55, which 
had copper daily as indicated in Table IT, was 655 and 804 me., respectively. 
Sinee Pig 14-53 received 920 mg. of copper by injection and Pig 14-55 reeeived 
800 mg., it may be calculated that 70 per cent or more of the intravenously 
administered copper was retained in the liver during the period of the study. 
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DISCUSSION 
sy subtracting the proportion of the administered radioactivity which was 
recovered in the stools (1.5 per cent) of the animals whose bile had been 
diverted into the urinary bladder from the activity which was recovered in the 
stools of the normal control dogs (8.4 per cent), it can be calculated that about 
7 per cent of the aetivity would normally be excreted into the bile. <A similar 
figure is obtained by subtracting the proportion of administered activity which 
appeared in the urine of the control dogs (0.6 per cent) from the aetivity which 
was recovered in the urine-bile mixture of the dogs with cholecystojejuno- 
eystostomies (10.8 per cent). By this calculation, about 10 per cent of the 
administered activity would be excreted normally into the bile. 

In the dogs with the flow of bile diverted into the urinary bladder, it can 
be assumed that the proportion of radiocopper recovered in the stools was a 
measure of the amount of activity excreted through the intestinal wall. This 
figure was approximately 1.5 per cent. 

The per cent of the administered activity which was excreted in the urine 
of the dogs with ligated bile ducts was about four times greater than the propor- 
tion excreted in the urine of the normal dogs and about twice that which was 
recovered in the stools of the dogs whose bile had been diverted into the urinary 
bladder. Thus, it would seem that when the major route for the excretion of 
copper is blocked, the two minor routes, namely, the kidneys and the intestinal 
wall, can take over this function in part. This is illustrated further by the 
fact that the intravenous administration of large amounts of copper did not 
increase the excretion of copper in the urine of a normal dog; whereas, the 
urinary exeretion of copper was increased when the bile duct was ligated (Fig. 2). 


The hypereupriuria in the dogs with ligated bile ducts is in accord with 
the observation of Bearn and Kunkel‘ of hypereupriuria in patients with biliary 
cirrhosis. However, unlike patients with biliary cirrhosis, no hypereupremia 
was observed in dogs or swine whose bile ducts were ligated. 


SUMMARY 


1. The relative importance of the liver, kidney, and intestinal wall in the 
excretion of copper has been investigated by the use of radiocopper in normal 
dogs, in dogs with complete biliary obstruction, and in dogs with the flow of bile 
diverted into the urinary bladder. Approximately 0.6 per cent of the admin- 
istered activity was excreted in the urine, about 1.5 per cent passed directly 
through the intestinal wall, and about 7 to 10 per cent was exereted into the 
bile. When the biliary route was obstructed, the excretion of copper through the 
kidney and intestinal wall increased. 

2. The intravenous administration of a large amount of nonradioactive 
copper daily for thirty-two days was associated with an increase in the exeretion 
of copper in the urine of a dog with the bile duct ligated but not in the urine 
of a normal dog. 
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3. Ligation of the bile duet in 6 dogs and in 4 pigs was not associated with 
an increase in the plasma copper level even when large amounts of copper were 
given orally or intravenously for periods varying from thirty-four to forty-five 
days. 

4. It is concluded that the capacity of dogs and pigs to excrete copper is 
somewhat limited. The major pathway for the excretion of copper is through 
the biliary system. Under normal circumstances only small quantities are 
exereted through the kidneys and intestinal wall. 


We are indebted to Miss Helen Ashenbrucker, Mr. George Trappett, and Mr. Ocie 
Hadley for technical assistance. 
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STUDIES IN LEUKEMIA 
AGGLUTINATION OF HUMAN LEUKEMIC CELLS BY GUINEA PIG SERUM 


STEVEN O. ScHwartz, M.D., Harotp M. ScHOOLMAN, M.D., AND 
WILMA Spurrier, M.T. (A.S.C.P.) 
CuHIcaGco, ILL, 


HE presence in normal adult guinea pig serum of an agglutinin and pre- 

cipitin against the cells and tissues of AKR lymphoma mice was described 
in a previous communication. It has since been found that this serum will 
react in a similar manner with human leukemia cells but not with human nor- 
mal white cells. The present study explores the validity of this finding and 
suggests that a relatively simple test may result which will give substantial 
aid in the differential diagnosis of leukemia, especially in the leukopenice phase, 
and leukemoid reactions. 


AGGLUTINATION TEST 

In this report, in the interests of convenience and brevity, only the results of the 
agglutination test are given. The precipitin reaction can be equally well employed. 

Preparation of Cell Suspension.—Oxalated blood is separated by centrifugation at 
2,000 r.p.m. until the white cells form a distinct layer. The buffy coat is pipetted off and 
washed twice with normal saline solution. The cells are then suspended in saline solution 
in a concentration between 5,000 and 10,000 cells per cubie millimeter. To 0.05 ¢.c. of this 
cell suspension, 0.1 ¢.c. of normal adult guinea pig serum is added; the mixture is shaken 
well. The tubes are incubated for one hour at 37° C., read macroscopically, and, in each 
case, checked microscopically. 

Materials and Results—Horse sera, rabbit sera, albino rat sera, dog sera, leukemic and 
nonleukemic human sera and sera from patients with multiple myeloma were each tested 
for the presence of an agglutinin against human leukemic white cells. None of these sera 
gave positive reactions. 

White cells of 433 patients were studied, among them 56 patients with leukemia. 
The white cells of all but 4 of the leukemic patients gave positive reactions. The four 
negative cases included 2 cases of chronic lymphocytic leukemia and 2 cases of chronic 
granulocytic leukemia. Of 25 cases of lymphocytic lymphosarcoma tested, 6 gave positive 
results; whereas in only 2 of 14 patients with reticulum cell sarcoma and in none of 20 
cases of Hodgkin’s disease could agglutination be demonstrated; nor was agglutination 
demonstrated in any of 16 cases of multiple myeloma. In only 3 cases in which the pres- 
ence of neither lymphoma nor leukemia could be proved did a positive reaction oceur. All 
3 of these patients had far-advanced tuberculosis. The results are summarized in Table I. 


ASSAYING OF POSSIBLE DRUG THERAPY INHIBITION 


1. In order to eliminate the possibility that the positive reactions were 
the result of drug therapy at the time of testing, normal white blood cells 


From the Hematology Laboratory and the Hektoen Institute for Medical Research of 
the Cook County Hospital, Chicago, IIl. 
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TABLE I. ToTAL OF ALL CASES TESTED 








PATIENT ’S WBC TESTED AGAINST 
GUINEA PIG SERUM 

DIAGNOSIS NEGATIVE POSITIVE 
Chronic lymphocytic leukemia 2 2% 
Chronic myelogenous leukemia 2 15 
Acute myeloblastic leukemia 0 
Acute lymphoblastic leukemia 0 
Acute monoblastic leukemia 0 
Lymphosarcoma—lymphocytic 19 
Reticulum cell sarcoma 12 
Hodgkin’s disease 
Giant follicular lymphoma 1 
Carcinoma 47 
Multiple myeloma 
Lupus erythematosus 
Pulmonary tuberculosis 20 
Miliary tuberculosis 2 
Cirrhosis of liver 
Nonspecific leukocytosis 
Hemolytic anemia 6 
Infectious mononucleosis 6 
Brucellosis 1 
Coccidiomycosis ] 
Polycythemia rubra vera 10 
Myelofibrosis 2 
Pernicious anemia 30 
Rheumatic fever 20 
Lymphadenitis—nonspecific 5 
Diagnosis not known, but leukemia 25 

or lymphoma ruled out 


Total—433 370 








oooooocoocoeoocow 





~ 
oo 
ac} 








POSITIVE CASES NEGATIVE CASES _ 
Leukemias: SF 4 
Lymphocytic lymphosarcoma: 6 19 
Reticulum cell sarcoma: 12 
Others: 335 
370 

















were incubated for forty-five minutes at 37° C. in 1 mg. per cent solutions of 
triethylene melamine, urethane, 1,4-dimethanesulfonoxybutane, 6-mereapto- 
purine, and cortisone. The solutions were prepared in both isotonic saline 
solution and inactivated human sera. After incubation, the cells were washed 
with saline solution and tested against guinea pig serum. In no instanee did 
agglutination occur. 


2. Precipitin tests were also performed using the same solutions of the 
drugs and adult guinea pig serum. None of these solutions gave positive results. 


3. To assay the possible inhibitory effect of the various drugs, these ex- 
periments were repeated with the use of leukemic white cells which had been 
preincubated with either saline or inactivated serum solution of the various 
drugs. Cortisone was found to inhibit the agglutination. The remaining 
drugs had no effect. 

4. The drugs were then added directly to the agglutination system. 
Again cortisone inhibited the reaction whereas the remaining drugs had no 
effect. 
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With the exception of cortisone, which is inhibitory, the usual drugs ad- 
ministered in the treatment of lymphomas and leukemias are evidently with- 
out significance in vitro in the reactions described. 

Review of the data relative to the exhibition of drug therapy at the time 
of testing showed that 8 of 14 of the patients with acute leukemia and about 
25 per cent of the patients with chronic myelogenous leukemia and chronic 
lymphocytic leukemia were tested before therapy was instituted. Most pa- 
tients with chronic lymphocytic leukemia had received radiation therapy 
rather than treatment with drugs. 


DISCUSSION 


The relatively simple test described has given remarkably consistent re- 
sults in the more than 400 cases tested. Of the 4 false-negative cases, 2 were 
in patients extensively treated for chronic lymphocytic leukemia. The other 
2 false-negative results were in patients with obscure diseases in whom the 
diagnosis of chronic granulocytic leukemia could never be proved during life. 
One of these patients had been receiving large doses of cortisone. The diag- 
nosis in each case was established only at post-mortem examination. 

The 3 false-positive cases were all in advanced cases of pulmonary tu- 
berculosis. This may not be without significance. 


Krom the foregoing observations, it seems unlikely that the positive reaec- 


tions encountered resulted from treatment or drugs. On the other hand, the 
effect of therapy in the lymphomas insofar as negative reactions are concerned 
cannot yet be discounted and requires further investigation. 


With regard to the possible usefulness of the test deseribed, it is par- 
ticularly encouraging that in all 4 cases of so-called aleukemie leukemia thus 
far tested, the results were positive. It is equally encouraging that in no in- 
stance of ‘‘leukemoid reaction’”’ did the test give a positive result. On the 
basis of the eases so far tested, it seems justifiable to conclude that this test 
may be of considerable value in differentiating ‘‘leukemvid reactions’’ from 
leukemia, and in the diagnosis of the aleukemic leukemias. 


SUMMARY 


1. The agglutination of human leukemic white cells, but not nonleukemic 
white cells by normal guinea pig serum, is deseribed. 

2. In 423 eases, of which 56 were cases of leukemia, there were 4 false- 
negative and 3 false-positive reactions. All false-positives were in patients with 
far-advaneed tuberculosis. 

3. The possible effect of the various drugs employed was assayed. Only 
cortisone was found to have an effeet and this was inhibitory. 

4. This simple test seems to have evident value in the diagnosis of aleu- 
kemie leukemias and in differentiating leukemoid reactions. 
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ADDENDUM 


Since the submission of the manuscript two false-positive reactions were observed, one 
in a patient with polycythemia vera and one in a patient with rheumatoid spondylitis. There 
were also two false-negative reactions, both in acute myeloblastic leukemias, one on intensive 
steroid therapy. 





THE EFFECT OF SUSPENDED SOLIDS IN THROMBOPLASTIN 
PREPARATIONS UPON PROTHROMBIN DETERMINATIONS 


GEORGE E. Puiuurps, Pu.D., AND JANE G. LENAHAN, A.B. 
Morris Puains, N. J. 


INTRODUCTION 


HE use of thromboplastic substances to determine prothrombin in blood 

has become widely employed not only for the control of anticoagulant therapy 
but also for research concerned with the clotting of blood. The discovery of 
accessory factors concerned with the conversion of prothrombin to thrombin** 
has invariably required the use of thromboplastin at some point in the process. 
In spite of the vast amount of work which has been done concerning the funda- 
mental nature of thromboplastie material, its mode of action is still not clearly 
understood. It is reported to be a lipoprotein’ and Wright® stated that very 
active preparations may be obtained from brain, lung, and placenta, although 
many other tissues contain thromboplastie activity. 


When thromboplastin preparations are made they contain varying amounts 
of suspended solids. It is readily ascertained that these particles contain some 
thromboplastie activity. It is the purpose of this investigation to study the 
effect that variation in suspended solids in thromboplastin preparations has 
upon prothrombin determinations. 


MATERIALS AND METHODS 


Thromboplastin was prepared from rabbit brain by the method deseribed by Quick.? 
The dried material was extracted with 0.15 M sodium chloride solution for ten minutes 
at 48° C. The thromboplastic suspension was removed from the larger insoluble particles 
by centrifugation. This suspension was diluted with an equal volume of 0.025 M ealeium 
chloride before prothrombin determinations were carried out. 

Rabbit brain-lung thromboplastin was prepared by extracting with 0.15 M sodium 
chloride solution equal weights of freshly prepared acetone-dried rabbit brain and washed 
rabbit lung which had been dried from the frozen state. The material was extracted at 
48° C. for fifteen minutes during which the suspension was kept at pH 7.2. The suspension 
was cooled and gross particles were removed by centrifugation. The supernatant was then 
diluted with an equal volume of 0.025 M ealeium chloride. Fresh material was prepared 
each day. 

Thromboplastin preparations which contained different amounts of suspended solids 
Were obtained in the following manner from the preparations described. Such preparations 
thet gave prothrombin times within the normal range with fresh human plasma were 
divided into three portions. One fraction was set aside to be used as it was prepared. 
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Another portion was centrifuged at high speed for five minutes in an International Clinical 
centrifuge. The supernatant was removed by decantation and the residue was resuspended 
in the third portion of the original thromboplastin preparation. In this manner thrombo 
plastin preparations containing low, ordinary, and high amounts of suspended materials 
were obtained. 

Total suspended solids were determined by filtration of measured volumes of thrombo 
plastic suspensions through tared Gooch crucibles, washing with 2.0 ml. portions of dis- 
tilled water, drying the crucibles for four hours at 105° C. and reweighing. The clear 
filtrates were used for prothrombin determinations and absorption studies. Absorption 
curves in the visible range were carried out in a Beckman DU spectrophotometer. Optical 
densities of all thromboplastin preparations used were also measured at 700 mu and the 
results obtained were correlated with the total suspended solids obtained by the gravimetric 
procedure. 

Fresh plasma was obtained from normal human subjects and from patients receiving 
dicumarol. Prothrombin determinations were made on whole plasma and plasma diluted 
with 7 volumes 0.15 M sodium chloride solution. The Link-Shapiro method was used in 
all tests.s The whole and diluted plasma samples were incubated for three minutes at 
37.5° C. before thromboplastin was added, 


0.5 


0.4 


OPTICAL DENSITY 








600 700 800 
WAVE LENGTH IN MILLIMICRONS 
Fig. 1.—Absorption curve of clarified brain-lung thromboplastin preparation. 


The effect of suspended solids in thromboplastin was studied by combining thrombo- 
plastin preparations with known amounts of thrombin. <A correlation was established 
relating the thrombin activity found with the amount of suspended solids in the mixtures. 

Purified bovine thrombin was diluted with sodium chloride solution and the times 
required for 0.1 ml. portions of these solutions to cause 0.2 ml. portions of fibrinogen 
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solution to clot were measured. The same tests were carried out with the sodium chloride 
solution replaced by the same volume of thromboplastin preparations containing different 
amounts of suspended solids. These results were compared with those obtained with the 
sodium chloride controls. The absence of prothrombin or antithrombins in the thrombin- 
thromboplastin mixtures was established by incubating these mixtures and measuring the 
change in thrombin activity after one minute and again after fifteen minutes. 


RESULTS 

Brain-lung thromboplastin solutions which have had all suspended solids 
removed show very little absorption at wave lengths above 600 my. The absorp- 
tion curve of a typical preparation is shown in Fig. 1. The eurve shown in 
Fig, 2 is the result of 40 duplicate determinations of optical density and sus- 
pended solids on brain-lung thromboplastin preparations. The optical density 
determinations were done at 700 mp and the water-clear filtrate from the 
gravimetric determination of total solids was used as a blank in the spectro- 
photometer. 


1.0 


OPTICAL DENSITY 








100 200 300 400 
TOTAL SUSPENDED SOLIDS— MGMS. % 


Fig. 2.—Optical density of suspended solids in brain-lung thromboplastin. Beckman DU 
Spectrophotometer 700 mu. 


The results shown in Fig. 3 are typical examples of a number of determina- 
tions conducted with brain-lung thromboplastin on whole and dilute human 
plasma. As the suspended solids increase in a thromboplastin preparation 
the prothrombin time becomes shorter until a minimum is reached after which 
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the times are extended. Similar results were obtained with brain thrombo. 
plastin as may be seen in Fig. 4. When water-clear filtrates of brain thrombo- 
plastin were tested the results were not reproducible and the prothrombin 
times were greatly prolonged. It could not be determined whether this was 
caused by adsorption on the filter or removal of active particles. These re- 
sults are not included in the figure and only results obtained by varying the 
suspended solids of brain thromboplastie preparations by centrifugation are 


shown. 
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WITH DICUMAROL 


DILUTE PLASMA (125%) FROM SUBJECT 
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Fig. 3.—The effect of suspended solids in brain-lung thromboplastin upon yrothrombin times 
: ; 5 aes bic 
of normal plasma and plasma of patients receiving dicumarol. 


It was felt that adsorption of thrombin upon suspended particles might 
have been a factor which contributed to our findings. In order to test this, 
identical amounts of thrombin were diluted with equal volumes of sodium 
chloride solution and thromboplastin suspensions. Each dilution was incubated 
for exactly one minute at 37.5° C. and the length of time required for these 
preparations to cause the conversion of fibrinogen to fibrin was then de- 
termined. The results are shown in Table I. 
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There is a direct correlation between the amount of suspended solids in 
the thrombin preparations and the loss of thrombin activity. It should be 
noted that this is more apparent when the thrombin concentration is lower. 
When the thrombin-thromboplastin mixtures were incubated for longer periods 
there were no significant changes from the results shown in Table I. It was 
concluded that the mixtures were substantially free of prothrombin and anti- 
thrombin. 
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Fig. 4.—The effect of suspended solids in brain thromboplastin upon prothrombin times of 
normal plasma and plasma of patients receiving dicumarol. 


TABLE I, THE EFFECT OF SUSPENDED SOLIDS IN THROMBIN-THROMBOPLASTIN MIXTURES 
UPON THE FIBRINOGEN-FIBRIN REACTION TIME* 








DILUENT USED IN THROMBIN PREPARATION 
THROMBOPLASTIN 
THROMBIN SUSPENDED SOLIDS 
PREPARATION Nacl 60 MG. % 290 MG. % | 590 MG. % 
A 20.7 23.0 23.6 25.1 
B 46.3 57.0 74.5 82.5 


*Length of time in seconds. 

















DISCUSSION 


The amount of suspended particles in thromboplastin preparations is a 
factor which must be carefully controlled if the results obtained with one prepara- 
tion of thromboplastin are to be compared with results obtained with. other 
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preparations. When the material is prepared from the same kind of tissue each 
time, turbidimetric determinations prove satisfactory for the control of sus- 
pended solids. Owing to the well-known influences upon turbidimetrie measure- 
ments of particle size, shape, and composition, it is probably necessary to estab- 
lish a new correlation between suspended solids and turbidity for each kind of 
tissue used for thromboplastin preparations and for each method employed. 

Our findings indicate a definite correlation between prothrombin time and 
the concentration of suspended particles in thromboplastin suspensions. Such 
an effect is small in normal whole plasma unless the concentration of suspended 
particles is abnormally reduced. However, the effect becomes more obvious 
when the amount of prothrombin is reduced, as it is in dilute normal plasma or 
in whole plasma from patients treated with anticoagulants. The effect becomes 
eritical when prothrombin is reduced to very low levels as it is in dilute plasma of 
patients treated with anticoagulants. It is of great importance that thrombo- 
plastin preparations used for this purpose be absolutely uniform in the amount 
of suspended solids they contain. Upon numerous occasions our experience has 
been that dilute plasma from patients receiving anticoagulants would fail to 
clot until after some of the suspended particles were removed from the thrombo- 
plastin preparation used. Any comparison of the ratios of whole to dilute pro- 
thrombin times of various plasmas is difficult to interpret unless the factor of 
suspended particles is controlled. 

Our results suggest that one possible explanation for this variation is due 
to adsorption upon the suspended particles in the reaction mixture of thrombin 
formed during the reaction. Seegers® has reported that dilute solutions of 
thrombin lose activity because of adsorption upon glass, and a number of sub- 
stances are known which act as excellent adsorbants of prothrombin and 
thrombin. If the thrombin is adsorbed by suspended particles this would prob- 
ably be most evident in those instances in which only traces of thrombin are 
formed over a relatively long period of reaction time. Our data indicate this to 
be so. 























SUMMARY 





A study has been made of the effect of suspended solids in thromboplastin 
preparations upon prothrombin determinations. An optimum amount of sus- 
pended particles was found. Variation from this optimum amount prolongs 
prothrombin times. This is most obvious in plasma low in prothrombin. Evi- 
dence is presented which suggests that excessive amounts of particles in thrombo- 
plastin adsorb traces of thrombin and prevent it from acting upon fibrinogen. 
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CHEMICAL STUDIES ON SYNOVIAL FLUID RELATIVE TO INTRA- 
ARTICULAR INJECTION OF HYDROCORTISONE ACETATE 


Leo DaLCortivo, M.S.,* Marsorre B. Parrerson, M.D., anp 
CHARLES J. UMBERGER, PH.D. 
New York, N. Y. 


HE clinical benefit derived from the intra-articular use of hydrocortisone 

acetate in arthritis is well known. The necessity for better understanding 
the mode of action of the steroid on the inflammatory process in the joint is 
emphasized by the variations in the response of different patients and the variable 
periods of benefit obtained from comparable doses. The immediate problem in 
studying the mode of action was to ascertain whether the steroid remained as 
such for an appreciable time in the joint, diffused rapidly across the synovium, 
or underwent transformation to another substance. A prerequisite for an investi- 
gation of the mode of action of hydrocortisone acetate injected intra-articularly 
was a method for its determination in synovial fluid. The purpose of this paper 
is to present chemical findings in some patients studied during the attempt to 
develop a quantitative method for the determination of hydrocortisone acetate 
in vivo. 

PROCEDURES 

1. Intra-articular Injection and Aspiration of Fluids.—Hydrocortisone acetate in doses 
of 50 or 75 mg. was injected into one knee joint of each patient included in this study. 
Analgesia was obtained by inhalation of ethylenetrichloride.t Asepsis was employed through- 
out the technique, the skin being prepared by washing with green soap, followed by cleansing 
with ether. This procedure was repeated, and then tincture of thimerosal} was applied, 
followed by 70 per cent alcohol. Sterile gloves were worn and the site of injection was draped. 
A needle, 1.5 inches in length and 22 gauge, was inserted into the knee joint on the medial 
side and at the junction of the upper one-third with the lower two-third of the patella, and 
directed beneath the patella toward the intercondylar notch of the femur. Joint fluid was 
then aspirated with a 20 ml. syringe. If the joint fluid was found to be highly viscid, and 
difficult to aspirate, a 20 gauge needle was inserted in the knee cavity to replace the one of 
finer bore. The syringe containing the aspirated joint fluid was replaced by one containing 
the desired dose of hydrocortisone acetate, and this amount was injected. <A third syringe of 
1 ml. capacity containing sterile normal saline was then attached to the inserted needle and 
any hydrocortisone acetate remaining in the needle was washed into the joint cavity without 
introducing more than 0.25 ml. of the saline solution into the joint. The original needle 
remained in place and at intervals of 2, 3, 5, 10, 15, and 30 minutes after injection of 
hydrocortisone, joint fluid was aspirated. Each aspiration was made by use of a fresh 
syringe. In some instances joint fluid was wifhdrawn at 1 hour, 2 hours, or 3 hours after 
injection of hydrocortisone acetate. 

From the Chemical Laboratories of the Hospital for Special Surgery, New York, N. Y. 
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*Much of the material in this paper was presented in the thesis for a M.S. degree in 
the Department of Biochemistry at Adelphi College, Garden City, Long Island in 1953. 
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2. Chemical Method.—Hydrocortisone acetate in absolute ethyl alcohol solution exhibits 
a strong absorption band in the ultraviolet region of the spectrum with a maximum at 240 mu. 
The approximate value for the extinction coefficient was found to be log,— 4.6. Concentration 
plotted against optical density measurements at 240 mu showed a linear response up to 100 ug 
per milliliter of ethyl aleohol. This made it appear that hydrocortisone acetate could be 
quantitatively determined by ultraviolet spectrophotometric measurement in amount as low 
as 1 wg per milliliter of solution after isolation from synovial fluid. In vitro studies on the 
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_ Fig. 1.—Ultraviolet absorption curves for extracts of synovial fluids from an untreated 
patient and absorption curve for one of the fluids after in vitro addition of hydrocortisone 
acetate. Curve A represents the left knee fluid, and curve B the fluid drawn from the same 
Joint 2 weeks later. Curve C is the extract from the synovial fluid represented by B after in 
vitro addition of 0.2 mg. steroid per milliliter of fluid. 


recovery from synovial fluid of hydrocortisone acetate added in known amounts showed that 
(he steroid was readily extracted by gently refluxing the fluid with five times its volume 
of chloroform for approximately one and one-half hours. This refluxing procedure permitted 
‘'loroform extraction of the undiluted joint fluid without the extensive emulsion formation 
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which prohibits direct solvent extraction of material from highly proteinaceous substances. 
By filtering the cooled mixture through cotton, gauze, and filter paper, the aqueous phase 
was removed, leaving a clear chloroform solution. Upon evaporation of the chloroform, 
approximately 90 per cent recoveries were obtained from 5 ml. of synovial fluid to which 20 yy 
of hydrocortisone acetate had been added. 

Chloroform extracts of synovial fluids aspirated at weekly intervals from patients with 
arthritis who had not received treatment were found to exhibit washed-out absorption spectra 
with nearly constant optical density values over the entire ultraviolet region. Absorption 
curves for an alcoholic solution of the residues from chloroform extractions of synovial fluids 
removed from a patient before institution of treatment are shown in Fig. 1, together with 
the absorption curve for one of the fluids 48 hours after in vitro addition of 200 ug of 
hydrocortisone acetate per milliliter of fluid. 

Joint aspirations of the control fluids (Curves A and B, Fig. 1) were made at an 
interval of two weeks. In vitro measurements showed that as little as 10 ug of hydrocortisone 
acetate could be determined from 1 ml. of joint fluid by subtracting the optical density value 
of the untreated synovial fluid at 240 mp from the optical density value (at the same wave 
length) of the same joint fluid after addition of steroid. That is: (O.D. 240 mp [Curve C]| - 
O.D. 240 mw [Curves A or B]) = corrected O.D. for hydrocortisone acetate in alcohol 
solution. In addition, if an absorption curve was made throughout the ultraviolet region of 
the spectrum on the unknown extract, instead of the single measurement at 240 ma, tlie 
appearance of a maximum in the curve at 240 my would serve to confirm qualitatively the 
presence of the steroid as such (Curve C, Fig. 1). 

Measurements were made with a Beckman Model DU Spectrophotometer with matched 
silica cells 1 em. in thickness. The concentration of hydrocortisone acetate was calculated 
from the Beer-Lambert Curve on the basis of the extinction at 240 my for the extract from 
1 ml. of joint fluid per milliliter of absolute alcohol. The absorption curves were plotted 
from the optical density values on this same basis. For example, in Fig. 2, the extract of 
1 ml. joint fluid dissolved in 10 ml. of ethyl alcohol and further diluted to 100 ml. with ethyl 
alcohol gave an optical density value of 0.585 at 240 mu. This measurement multiplied by 
the dilution factor (100) gave the relative extinction value 58.5. 


RESULTS 
In an earlier experiment on a single patient, an attempt was made to meas- 
ure the in vivo content of hydrocortisone acetate by the spectrophotometrie pro- 
cedure developed from the in vitro studies. This patient showed good clinical 
response to the hydrocortisone treatment. The results are shown in Fig. 2. 
The dotted curve B shows the typical absorption maximum indicative of 
the presence of hydrocortisone acetate in the joint fluid which was withdrawn 
five minutes after injection of the steroid into the joint. On the basis of the in 
vitro data for the recovery of known amounts of hydrocortisone acetate added 
to synovial fluid from untreated patients, the optical density value at 240 mp 
would indicate the presence of 5.85 pg of hydrocortisone acetate per milliliter 
of joint fluid. This value was read from the standard Beer’s Law Curve con- 
structed from optical density measurements for varying concentrations of 
hydrocortisone acetate in aleohol. The Beer’s Law Curve for hydrocortisone 
acetate showed a 45° slope with the concentration in micrograms per milliliter 
numerically equal to the optical density reading x 10. The 5.85 yg, therefore, 
represents the hydrocortisone acetate concentration before correction for the 
absorption of the joint fluid itself. 
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The solid curve A (Fig. 2) is the spectrum of a sample of the synovial 
fluid extract withdrawn before injection of the steroid. Its actual optical density 
measurement at 240 my is 0.645. Consequently, if a correction is attempted, 
by subtracting this value (O.D. = 0.645) from that of the joint fluid after 
injection (O.D. = 0.585) the corrected concentration of hydrocortisone acetate 
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Fig. 2.—Ultraviolet absorption curves for extracts of synovial fluids before and after 
treatment with 75 mg. hydrocortisone acetate. Curve A is absorption before treatment. 
Curve B is absorption for extract of synovial fluid removed 5 minutes after injection of steroid 
into the joint. 


becomes a negative value. However, the synovial fluid after injection shows the 
‘ypieal 240 mp maximum, confirming the presence of hydrocortisone acetate 
us such. Optical density measurements for a mixture at any wave length must 
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be additive, and variations in sampling should give values which are at least 
comparable to those of the preinjection joint fluid (curve A, Fig. 2), irrespective 
of the amount of steroid that was introduced into the joint. 
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Fig. 3.—Ultraviolet absorption curves for extracts of synovial fluids from a patient before 
and after treatment with 75 mg. hydrocortisone acetate. Curve A represents absorption prior 
to injection of steroid. Curve B is absorption 10 minutes after injection of steroid. Curve C 
is absorption 32 minutes after injection, and D is 1 hour after injection. Curve E is ab- 
sorption 2 hours after injection. 
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Sinee there was a change in the magnitude of the ultraviolet absorption 
pattern of the synovial fluid following injection, in contrast to the constancy 
shown in the in vitro studies of Fig. 1, it was obvious that the ultraviolet 
spectrophotometric method could not be used as an exact quantitative measure 
of hydrocortisone acetate when administered in vivo. 
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Fig. 3 shows the absorption curves for synovial fluid before injection and 
at various time intervals following hydrocortisone acetate administration. At 
ten minutes the presence of hydrocortisone acetate is shown by the maximum at 
240 mp. At the end of 32 minutes the maximum at 240 mp has disappeared, and 
at the end of 1 hour the absorption at 240 my is below that for the preinjection 
synovial fluid. This is the typical pattern exhibited by a number of joint 
fluids studied after intra-articular hydrocortisone acetate injection. Following 
injection of the steroid, the absorption curves produced by synovial fluid extracts 
invariably reach values below those of the preinjection joint fluids. 

Fig. 2 is the exceptional case, in that the absorption is less than that of the 
preinjection sample, while the curve still shows the presence of the steroid as 
such. 

DISCUSSION 

Although the method is not applicable for the exact quantitative estimation 
of hydrocortisone acetate in joint fluids during treatment with this steroid, the 
results of these measurements furnish evidence for changes in the composition 
of the joint fluid as a result of treatment. 

Because the optical density measurements at every wave length are additive, 
and since the appearance of the 240 mu maximum is proof of the presence of 
hydrocortisone acetate (curve B, Fig. 2), the negative value obtained for its 
concentration, upon correcting for the preinjection ultraviolet absorption, can 
be interpreted only as evidence that there was a change in the chemical com- 
position of the joint fluid as a result of the steroid administration. The 
extinction coefficient for hydrocortisone acetate at 240 my is extremely high as 
compared with that for the joint fluid itself. Any sampling errors could not, 
therefore, result in values less than the preinjection level if the composition of 
the joint fluid had remained constant. 

Evidence that the negative value for the hydrocortisone acetate is not due 
to a rapid diffusion or a precipitation which resulted in improper sampling is 
indicated by the constaney of the sugar and protein values for the joint fluid 
before and after injection of the steroid (Table I). 


TABLE I. SuGAR AND TOTAL PROTEIN CONTENT OF THE JOINT FLUID IN THE CASE REPRESENTED 
BY Fig. 2 BEFORE AND AFTER INJECTION OF THE STEROID 


AMOUNT ASPIRATED SUGAR PROTEIN 











= SAMPLE (ML. ) (MG. %) (GM. %) 
Before injection 3 76 3.9 
Five minutes after 5 78 4.2 
Fifteen minutes after 8 74 4.1 
Thirty minutes after 6 80 3.8 





Since the shape of the absorption curve is indicative of the presence of 
hydrocortisone acetate, optical density measurements at 240 mp on postinjection 
siiples that still contain the steroid do afford a measure of the changes in con- 
centration of the steroid with time, even though the values do not serve to 
lieasure quantitatively its content in the joint fluid. It is because the conecen- 
trations are relative that all caleulations were made on the basis of absorption 
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at 240 mp for the extract from 1 ml. of joint fluid per 1 ml. ethyl alcohol. 
This gives relative extinction per milliliter of ethyl aleohol solution for the 
extract from 1 ml. of joint fluid. 
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Fig. 4.—Ultraviolet absorption curves for extracts of synovial fluids from a patient in 
which good clinical response was observed, before and after treatment with 50 mg. hydro- 
cortisone acetate. Curve A is absorption prior to injection, B is absorption 2 minutes after 
injection, C is 6 minutes, and D is 10 minutes after injection of the steroid. The inset shows 
the rate of disappearance of hydrocortisone acetate from the joint fluid. The ordinate is the 
relative concentration of steroid in milligrams per milliliter of joint fluid. The abscissa is the 
time in minutes that elapsed before fluid was removed after injection of hydrocortisone acetate. 


Fig. 4 shows a typical absorption curve for the preinjection fluid and for 
fluids withdrawn 2, 6, and 10 minutes after injection of the steroid. The 
maximum rate of change with decrease in the relative coneentration of hydro- 
cortisone acetate is shown in the insct. 

In 9 eases studied the rate curves showed that hydrocortisone acetate did 


not remain unchanged in the joint fluid for longer than 32 minutes. All these 
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cases manifested good clinical benefit from the intra-articular injections. Al- 
though absorption changes in the synovial fluids themselves influence the 
measured rate of disappearance of hydrocortisone acetate, the observed rate of 
change must be near the true value because of the very high extinction coefficient 
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Fig. 5.—Ultraviolet absorption curves for extracts of synovial fluids from a patient be- 
fore and after treatment with 50 mg. hydrocortisone acetate. No apparent clinical response 
to the treatment was noted. Curve A is absorption prior to injection. Curve B is absorption 
3 minutes after, C is 5 minutes after, D is 16 minutes after, and HE is 15 minutes after in- 
jection of the steroid. The inset shows the rate of disappearance of hydrocortisone acetate 
from the joint fluid. The ordinate is the relative concentration of steroid in milligrams per 
milliliter of joint fluid. The abscissa is the time in minutes that elapsed before fluid was re- 
moved after injection of hydrocortisone acetate. 


tor hydrocortisone acetate. In a case where little clinical improvement was noted 
alter injection, the rate of disappearance of the steroid was found to be markedly 
less than in the 9 eases in which clinical improvement was noted. The absorption 
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curves of the preinjection fluid, in this case, and fluids aspirated at various 
times after injection are shown in Fig. 5. The extrapolated rate of disappearance 
of hydrocortisone acetate is, in this instance, two hours or approximately four 
times that of the lowest rate noted in any of the other cases. This slow rate is 
comparable to that for simple diffusion of sodium across the synovial mem- 
brane.’ ? 


SUMMARY 


The ultraviolet spectrophotometrie method described for the in vivo deter- 
mination of hydrocortisone acetate in human joint fluid does not afford an exact 
quantitative measure of the steroid concentration. Clinical improvement was 
observed in those patients in whom the concentration of hydrocortisone acetate 
in the synovial cavity decreased rapidly. Absence of clinical improvement was 
noted in a patient in whom a delayed rate of disappearance of hydrocortisone 
acetate from the synovial fluid was observed. Evidence is presented which 
indicates that changes in the chemical composition of synovial fluid take place 
as a result of intra-articular injection of hydrocortisone acetate. The rapid 
rate of disappearance of hydrocortisone acetate from synovial fluid is evidence 
that the decrease in concentration does not result from simple diffusion across 
the synovial membrane. 
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KFFECTS OF HYDROCORTISONE ON URINARY EXCRETION OF 
SODIUM IN ADRENALECTOMIZED RATS 


D. H. P. StrREETEN, M.B., D.Pui., M. E. Pont, M.D.,* anp J. W. Conn, M.D. 
ANN Arpor, MIcH. 


INCE identification of aldosterone as a potent, physiologic, sodium-retaining 
steroid secreted by the adrenal cortex,' urinary excretion of this steroid in 
man has been assayed in many laboratories by determining the sodium-retaining 
effects of hydrolyzed urinary extracts in adrenalectomized rats. Such urinary 
extracts contain hydrocortisone in addition to aldosterone and other steroids. 
The effeets of the various adrenal steroids on sodium excretion in the adrenal- 
ectomized rat have therefore assumed importance, especially since conflicting 
reports have been published regarding the effects of hydrocortisone. This 
steroid has been found by some? to produce retention of sodium, and by others* ‘ 
to cause loss of sodium in adrenalectomized rats. 
The purpose of the present study was to determine the effects of a wide 
range of dosage of hydrocortisone upon urinary excretion of sodium in the 
adrenalectomized rat. 


METHODS 


A modification of the method of Deming and Luetscher5 was used, which will be 
described in detail elsewhere. Briefly, the method entailed collection of urine from groups 
of 7 to 11 adrenalectomized rats during a two-hour period following the intramuscular 
injection of the free aleohol of hydrocortisone, dissolved in ethanol. At the time of 
administration of the hydrocortisone, 5 ml. of 0.9 per cent saline solution was injected into 
the peritoneal cavity. Urine was collected from each animal and individual determinations 
of sodium content were made by flame photometry. The mean sodium output of each group 
of rats injected with one of the doses of hydrocortisone was compared with the mean sodium 
output of control adrenalectomized rats given the solvent alone. 


RESULTS 

Fig. 1 indicates that the smallest doses of hydrocortisone administered, 
1 and 10 pg (approximately 4 and 40 pg per kilogram of body weight, respec- 
tively), caused retention of sodium. This was highly significant statistically 
(P<0.001) at the 1 yg level of dosage. A dose of 25 pe had little or no effect 
on sodium exeretion, but doses between 50 and 500 pg per rat (about 200 and 
2,000 ng per kilogram, respectively), increased excretion of sodium consistently. 
These results were highly significant at the 150, 250, and 500 pg levels of dosage 
(P<0.001). When a dose of 1 mg. was given, highly significant retention of 
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sodium occurred. The dose of 25 mg., given in 5 ml. of 50 per cent ethanol, 
was large enough to kill 2 of the rats used in this group, and to reduce greatly 
the exeretion of sodium in the 5 survivors. 








DOSE-RESPONSE CURVE OF HYDROCORTISONE UPON URINARY SODIUM IN ADRENALECTOMIZED RATS 
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Fig. 1.—Dose response curve of hydrocortisone upon urinary sodium in adrenalectomized 
rats. Vertical lines indicate standard errors of mean; figures above each S.E.M. denote 
number of rats used. P values derived from comparison of each group of rats with control 
group by t test. 











DISCUSSION 


The present results are compared in Table I with those reported previously 
by others. It is clear that our data confirm those of the other workers. 
The apparent discrepancy between the reported results has been due to the fact 
that the various investigators have tested hydrocortisone at different levels of 
dosage. Under these circumstances different effects upon excretion of sodium 
occur. 











The opposite effects of different doses of hydrocortisone on a funetion as 
complex as the renal excretion of sodium probably reflect separate mechanisms 
of action of the hormone upon the kidney. Thus, the smallest doses probably 
inerease tubular reabsorption of sodium. Larger doses may result in natriuresis 







beeause of the superimposition of a greatly increased glomerular filtration rate. 
The retention of sodium which results from extremely large doses of hydro- 
cortisone (1 and 25 mg. per rat) is probably produced by a reduction in renal 
blood flow, which would be expected to parallel the other observed toxie effects 
of such large doses of the steroid in rats. 
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In assaying the sodium-retaining activity of extracts of urine from man, 
each rat is given an aliquot of urine which usually corresponds to the mean 
volume of urine excreted over twenty minutes (1/72 of the twenty-four-hour 
urine voulme). Human urine contains between 1 and 12 mg. of 17-hydroxy- 
corticoid per day,’ of which no more than 200 pg is exereted as free hydrocor- 
tisone.’° Thus, when the 17-hydroxycorticoid excretion is within normal limits, 
the hydrocortisone contained in the extract injected into each rat in the bio- 
assay for aldosterone is probably less than 3 pg. This would be expected to 
augment slightly the retention of sodium caused by the aldosterone contained in 
the extract. The tetrahydro derivatives of hydrocortisone and cortisone, which 
constitute the main fractions of the urinary 17-hydroxycorticoids in man, are 
metabolically inert,’! and are unlikely to interfere with the assay for aldosterone. 
In order for hydrocortisone to compete with aldosterone in the assay procedure, 
ie., for hydrocortisone to produce significant excretion of sodium, at least 100 pe 
of free hydrocortisone would have to be present in 1/72 of the twenty-four-hour 
TABLE I. REPORTED EFFECTS OF VARIOUS DOSES OF HYDROCORTISONE (AND CORTISONE) ON 
SopruM EXCRETION IN ADRENALECTOMIZED RATS 








DOSES OF HYDROCORTISONE 
| ; 500-1,000 
10-50 wg | 50-150 we | 150-500 pg 
10 wg reten- 50 wg doubt- 200 ug ex- 
tion ful cretion 





AUTHORS | 1-25 mg. 


Marcus et al.6 


1-10 pe 


oe 
5 





10 we doubt- 
ful 


Singer and 
Venning4 


30 wg excre- 50 we excre- 
tion tion 
12.8 and 22.850 and 100 


we excre- beg exere- 
tion tion 


Johnson? 


(Cortisone ) 
20 ug 
doubtful 


(Cortisone ) 
2 we reten- 
tion 5 pe 
excretion 


Johnson3 


Luetscher and 
Deming? 


Genest et al.2 


(Cortisone ) 
10 ug 
doubtful 


2-20 pg 


(Cortisone ) 
100 we ex- 
cretion 


retention 


Genest et al2 (Cortisone) 

2-50 pe 

retention 

Present results r doubt- 50 and 100 
ug exere- 
tion 


150, 250, 500 
wg excre- 


lL and 25 mg. 
retention 


750 ug 


1 and 10 ug 25 m 1 ID 
doubttu 


retention 


tion 


Effects underlined have been shown to be statistically significant. 





tune specimen, This means over 7 mg. of the free compound in twenty-four 
hours. While one ean conceive of clinical situations in which this might oceur, 


it is quite an unlikely possibility. However, it is possible that human urine 


night contain steroids more potently natriuretic than hydrocortisone, which 
could mask the aldosterone effect when estimated by the usual bio-assay proce- 
Inve T 1s : : “ aes ‘ P 

dure. No evidence is as yet available to support this possibility, either. 
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SUMMARY 


In adrenalectomized rats small doses of hydrocortisone (1 and 10 pg per 


rat) produce retention of sodium, intermediate doses (50 to 500 yg per rat) 
cause increased excretion of sodium, and very large doses (1 and 25 mg. per 
rat) result in retention of sodium. 


The apparently contradictory results reported by others may now be 


reconciled as being due to differences in the amounts of hydrocortisone employed 
in the various experiments. When these various findings are applied to our dose- 
response curve, it is found that our results confirm essentially all of the previously 


reported observations. 


or 


~] 
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EFFECTS OF INHIBITION OF RENAL CARBONIC ANHYDRASE BY 
DIAMOX IN NORMAL AND TOXEMIC PREGNANCIES 


N.S. Assaut, M.D.,* A. Monx, M.D.,** R. Untricu, M.D.,** J. Voskian, M.D.,** 
AND B, P. Sincu, M.D.** 
Los ANGELES, CALIF. 


WiItH THE TECHNICAL ASSISTANCE OF M. Ross, M.S. 


KVERAL reports'* have shown that oral or intravenous administration of 

Diamox (2-acetylamino-l, 3, 4-thiadiazole-5-sulfonamide) to man and animal 
results in alkaline urine and increased excretion of bicarbonate, water, sodium, 
and potassium. These properties prompted many investigators to explore the 
usefulness of this compound as a diuretie agent in the management of cardiac 
edema. The clinical results have been conflicting. Some authors *® have re- 
ported weight loss and clinical improvement in the majority of their cases of 
heart failure treated with Diamox. Others*-!° have asserted that the diuretic 
effects were either disappointing or transitory and limited to mild eases. <A 
recent report by Schwartz, Relman, and Leaf" indicated that a significant ¢clini- 
‘al improvement with a sustained weight loss and diuresis may be observed 
in certain patients with severe congestive heart failure due to chronic cor pul- 
monale. 

Despite the divergence of opinion regarding clinical results in cardiae 
edema, a number of authors” *!° have noted that the increment in the exeretion 
of water and electrolytes induced by Diamox is evident only at the beginning 
of treatment. Thereafter, a resistance to the action of the drug takes place 
during which the urine composition reverts to pretreatment patterns despite 
continuous administration of the drug. Furthermore, a ‘‘rebound phenomenon’’ 
with sodium, potassium, and water retention usually occurs upon cessation of 
therapy. 


The present studies were aimed at: (1) investigating the metabolic effects 


of chronie and acute administration of Diamoxt in normal pregnaney and in 


toxemia of pregnaney, and (2) at finding a method of administering the drug 
by which a sustained diuresis could be obtained. This investigation becomes 
pertinent in view of: (a) the usefulness of diuretie agents in the management 
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of edema of toxemia of pregnancy; (b) our previous findings’? which showed 
that patients with toxemia of pregnancy do not respond satisfactorily to acidity- 
ing salts and excrete much smaller quantities of electrolytes than those with 
normal pregnancy in the resting condition and in ammonium ehloride acidosis, 
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Fig. 1.—Excretions of Na, K, Cl, ammonia, and titratable acids in severe pre-eclampsia, 
mild pre-eclampsia, and normal pregnancy. The increment in Na and K_ excretion induced 
by Diamox was more sustained in both patients with pre-eclampsia. Note, however, the 
marked difference in the absolute values for Na and Cl excretion between the pre-eclamptic and 
the normal pregnant patients during the three periods of study. 





MATERIAL AND METHODS 
The studies were performed on seven normotensive pregnant subjects, one normotensive 
nonpregnant subject, and ten patients with toxemia of pregnancy (three with mild pre 
eclampsia and seven with severe pre-eclampsia). The diagnosis of mild pre-eclampsia was 
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arbitrarily based on the appearance after the twenty-fourth week of gestation of a hyper- 
tension slightly above 140/90 mm, Hg, 1 to 2 plus edema and 1 to 2 plus proteinuria. The 
diagnosis of severe pre-eclampsia was made when the hypertension was above 160/110 mm. 
Hg, and the edema and the proteinuria were more than 2 plus. The ages of the patients 
varied from 22 to 44 years and the duration of pregnancy varied from thirty to forty weeks. 
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Fig. 2.—This patient received two courses of treatment with Diamox alternated with 
recovery periods. Electrolytes were retained during the first recovery period. The second 
course of Diamox reinduced Na and K diuresis but the excretion of these cations in the second 
recovery period decreased markedly. 





All the patients were at bed rest in the hospital without any specific medication throughout 
the periods of study and all received the same daily diet which contained approximately 100 
Gm. of fat, 100 Gm. of protein, 200 Gm. of carbohydrate, and 85 meq. of sodium as sodium 
chloride, 








5 


‘00 UL JNdyNO puB BYU “SY Ul PSIOALE 
‘ABp/*beul Ul UBVATS oie [MD pue ‘yy ‘BN ‘eVruowUe ‘sploe 38[(qeyeITy VUTIYL 
‘T/‘bosut UL UBAIS vie [DM pue ‘YT ‘VPN “OOD BUISPI[ ds 


SHE O'9 GFE SSL Os’ 9°COL 83'F O'OFL Sls LPL 96/0FL §06L OFFS OGL OL 
9'9F 9°CT pray 9°CS 18’¢ O'OLT F2F O'SFL 68ST 9g" 96/0EL séaso 096% STL 6 
CIF Z'06 o'T9 9°86 SFC 0°SOT 6° O'OFL 8ST ee°L 86/8EL 261% OOF OTL 
C’O0g F'0G se 0 s« OSGI e's O'6LL 98'¢ C'CFT CLT OZ'L c6/FEL FL8'T O8s's 90L 
6EL #29 FCS = -O9'ST €E°sS L801 6L°E 0'9FI LOL ey ss/set 906° O6L°E O'OL 
Lee 9°6¢ 9°CT PLS C201 69'°E CPFL 9c PSL 36/FEL e28°o ogee 8°02 
O18 SL ¢ ¢°9L ce'9 LSoL PLE CSP LST Fa L e6/SEL L1¢68'h O362Z.€ 902 
cee 88 9'9G ors¢ 8°SOL 60°F CerL C'S SEL sOT/8E— 6ec'e O6L'€ GEL 
0ZE LOL F'0€ FES P90 FOF CFFL wee 86/FFL I91's 0688 MBL 
Fae 89 GG’G F'901 86° GC LET FSS OOT/OET ogg OI9T G3L [O1yUOD 
(i | Hd | 10 | M | BN t'1n0 «6©| ¢UNI | f°LA ; aoludd 





J. Lab. & Clin. Med. 
November, | 


AIOA0D9Y 


xOUWBI(T 


ral od HIN Ot © 








{ANTYO | ,d00Td 











AONVNODYG dO VINAXOL 
HLIM, LNGLLVd V NI XOWVIC, Ad GHONACNT NOLLISOANOD ANING) GNV GOoOTG ANV ‘ayoassayud dooid “LAdLAO ANIYQ, ‘LHDIAM NI SGQONVHD “IT WIaviL 
‘Oo UL yndyno pue syRUI “SY Ul WSIOMT 
‘ABp/*bout UI UBATS oie [DO pue ‘yy ‘BN ‘BIuUOUIWUe ‘sploR 931qe}e17 VUTIp} 
‘T/‘boul UL U@ATS BIB [1D pue ‘yy ‘EN “%OOD BUIse[ dy 
CFS ree g'¢s Ver 9°01 OLLL Il OCFL TZ OF L anal TIF‘ ose OTL OL 
GEL 0°0S 5 G8 6 FL £16 iTS OLOL FIP O'CFI CTs Or'L 9L/F11 LYS‘ 086'F 6 ; 
0°06 re L9G 0°€6 Sle IT’S 9 LOT 80°F 9° OFT 96T 8e°L 91/661 99T'F 0Ga'g j ALOA0DOY 
0°COT T9¢ $99 C08 FSS 0°90T 9L°E 0°OFT 88ST 8E°L 68/FIT O83‘ OgLF 
C68 £09 0°06 OGL PES 0°80T 00°F O'TFT 9°ST oe L 68/911 LOPS ogee’ 
06 0'OL ¢c6I 3 BGG 9€°S 0°80T ta'P Gert F6L oe L 08/911 9E9'F ccgg'f 
6 6IT O'F6 0°96 O16 T8°9 8°90T IU? O’SET 9°6T 9¢°L 38/311 988'F 089°F j XOWBI(T 
O°SET 0°09 O'EST °g 8°96 [9°S 0°coT 68°P O'LFL OTS see 1/081 009°F 029°F 
O'GET C’6¢ Geel ; T'96 eo°¢ 6 FOL OTP O' FFT F'06 TRL 08/08T O9l'F O8a'F 
PFT FES Usor } [86 86'S O'LOT EP O'9FT 6G OF'L 8L/08T cé6l‘é 029°E [O1yuOg 
10 | M | @N B alov Hd 10 x @N 709 Hd ‘a °g t.100 t°LNI dOINaad 





_ 
_ 
o 
7, 
— 
RM 
Q 
Z 
< 
Z 
<q 
_ 
4 
RM 
© 
- 
A 
pal 
© 
— 
fe 
— 
= 
Pp 
i 
Z 
S 
=) 
_ 
< 
RM 
RM 
<= 





“MALI 
fANITNO. ,ad00Td 





























KONVNDSUG 'IVWYON 
HLIA\ INGLLVd V NI XONVI(, Ad GHONGNT NOILISOdNOD GOOTY GNV ANINQ GNV “ANASSIUG GOOTA ‘LAdLAO ANIUO “LHDIAA, NI SHDPNVHO ‘T AAV, 





Volume 46 EFFECTS OF DIAMOX IN PREGNANCY 137 


Number 5 


Three types of experiments were carried out: In Experiment A (illustrated in Tables 
I to III and Fig. 1) the patients were studied during three consecutive periods. The first 
period lasted from three to four days and served as control. During the second period, which 
lasted from four to five days and followed immediately after the first, Diamox was administered 
orally in daily doses varying from 10 to 30 mg. per kilogram of body weight in three divided 
doses per day. The third period served as a posttreatment control and varied from three 
to four days. This type of experiment was carried out on four patients with normal pregnancy 
and seven patients with toxemia of pregnancy. Of these, one normally pregnant and one 
toxemic patient (Fig. 2) had additional periods of three days of Diamox treatment and three 
days of recovery, starting on the second day of the first recovery period. This experiment 
was designed to determine whether Diamox would overcome the electrolyte retention which 
usually occurs upon cessation of therapy. 


TABLE IIJI. AVERAGE DaAiLy EXcRETION OF ELECTROLYTES IN 4 PATIENTS WITH NoRMAL 
PREGNANCY AND 7 PATIENTS WITH TOXEMIA OF PREGNANCY 








Cl K Na 
MEQ./DAY MEQ./DAY MEQ./DAY 
PERIOD 1% | Tt q | T q | T 

Control 48 : 27 44 

47 j 27 44 

65 32 56 

Diamox 85 (fl 167 

80 60 125 

63 52 83 

65 : 49 78 

Recovery 59 é 30 ‘ 44 
9 5d 21 
10 53 22 











*N=Normal. 
7T=—Toxemic. 


During all these periods, the patient’s weight, fluid intake and output, blood pressure, 
and pulse rate were recorded at the same time each day (the blood pressure of the patients 
with toxemia of pregnancy was recorded four times a day). Daily blood samples were drawn 
under oil without stasis from a superficial antecubital vein after soaking the arm in warm 
water for ten to fifteen minutes. Twenty-four-hour urine specimens preserved with toluene and 
kept refrigerated were collected throughout the study and served for analysis of ammonia, 
titratable acids, and electrolytes. For the determination of urinary pH, a catheterized 
Specimen was obtained under oil at the same time each day. The completeness of the urine 
collections in the twenty-four-hour samples was checked by the creatinine excretion. 

Experiment B (Fig. 3) was similar to the preceding one with the exception that Diamox, 
instead of being given in divided doses, was administered in a single dose of 500 mg. daily, 
given in the morning. Urine and blood specimens were collected every eight hours throughout 
all the periods. This experiment was performed on one normal nonpregnant subject, two 
patients with normal pregnancy, and one with toxemia of pregnancy. 

Experiment C (Table IV) was aimed at investigating the acute response to the drug 
and was performed on two patients with toxemia of pregnancy and one with normal pregnancy. 
Two one-hour collections of blood and urine specimens served as control. Following this a 
dose of 500 mg. of Diamox was given and blood and urine specimens were collected every 
hour for four to six hours and then every two hours for another six to eight hours. The 
patient was allowed to rest overnight, and on the following morning the same studies were 
repeated. Blood collections for this experiment were carried out with the same technique 
used in Experiments A and B. However, urine specimens were collected under oil by means 
of an indwelling catheter which was left in the bladder until the end of the experiment. 

The pH of the whole blood and that of the urine was determined immediately after 
being drawn on a Beckman model G pH meter with the electrodes kept immersed in a water 


Jacket maintained at 37° C. The CO, content of the plasma and that of the hourly urine 
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Fig. 3.—Data on a patient with normal pregnancy who received a single daily dose of 
mg. of Diamox in the morning for three days. The values for blood COs and urine 
ctrolytes are plotted on an eight-hour basis. Urine electrolytes are given in meq. per eight 
hours, | The broken line opposite Na sums up the daily sodium excretion. Plasma Cl, Na, 
and JX were computed twice daily. The urine output is plotted as the sum _ of the three 
Specimens collected every eight hours. It can be seen that the Diamox-induced acidosis 
bersisted for the whole day. The increment in Na and Kk excretion lasted for only one day. 
These cations were retained in the recovery period. 
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specimens (CO, content of the twenty-four-hour urine specimens was not determined) were 
measured manometrically on the Van Slyke-Neil apparatus, and urine HCO,- was calculated 
by the Henderson-Hasselbalech equation using pKi value of 6.1. Sodium and potassium in 
plasma and urine were analyzed by a Beckman DU flame photometer attachment, chloride by 
the method of Sandroy as modified by Van Slyke and Hiller,13 ammonia by the aeration 
method,!3 and titratable acids by titrating the urine to pH 7.40 with 0.1 N NaOH. 


RESULTS 
General Effects —All the patients tolerated Diamox well, regardless of the 
dose given or the schedule followed. The majority had moderate hyperventila- 
tion but none exhibited nausea or vomiting. The blood pressure fell moderately 
in the mild cases of pre-eclampsia but remained practically unchanged in the 
severe cases. It was not possible to ascertain whether the fall in blood pressure 
was due to Diamox or to the bed rest. 


Changes in Blood and Urine Composition.—Table I lists data obtained from 
one of the four patients with normal pregnancy who received Diamox in divided 
doses. Since the responses in the other three patients were closely similar, the 
data in Table I will be discussed as representative of the whole group. The ad- 
ministration of Diamox in divided doses produced a definite metabolic acidosis 
as evidenced by the progressive fall in blood pH and CO.. These values re- 
mained below control values throughout the entire treatment period and began 
to return to pretreatment levels in the recovery period. Plasma Na and K 
changed inconsistently whereas plasma Cl rose in the majority of cases. 

During the control period, the excretions of Na and K in this patient aver- 
aged 118 and 57 meq. per day, respectively (Table I). On the first day of 
Diamox administration, the excretion of these two cations nearly doubled. Al- 
though on the second day of treatment the excretion was still higher than con- 
trol, the net loss of both cations fell progressively; during the last two days ot 
treatment, and in the recovery period, the exeretion of Na and K was far 
below control values. 

The excretion of Cl decreased in all cases of normal pregnaney during 
Diamox administration and either remained low or reverted to control values 
after the cessation of therapy (Tables I and III). The exeretion of ammonia 
and titratable acids was temporarily depressed at the onset of treatment but 
returned to control values shortly thereafter. The pH of the urine invariably 
rose on the first two days of treatment but fell nearly to control values on sub- 
sequent days (Table I). 

The inereased excretion of cations carried water with it as evidenced by the 
increase in urine flow and loss of weight. However, in most patients, weight loss 
was more than could be accounted for by the excess of sodium and water excreted 
through the kidneys. 

Table II lists data on a patient with pre-eclampsia who was studied in a 
manner identical to the preceding one and serves as an example of this group. 
The over-all effects of Diamox on blood and urine compositions were qualitatively 
similar to those observed in normal pregnancy. Quantitatively, the degree of 
acidosis evidenced by the fall in blood pH and CO, was more marked than in 
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the case of normal pregnancy. However, the most striking difference between 
normal and pre-eclamptie patients was in the composition of urine. During the 
control period, the rate of excretion of Na, K, and Cl by the pre-eclamptie patient 
was about one-third of that of the normal pregnant subject (Table II). Despite 
absolute bed rest, the weight of the toxemic patient rose from 71.6 kilogram on 
admission to 72.5 on the first day, probably because of a positive salt balance 
(Table II). 

On the first day of Diamox administration, the excretion of Na increased 
fourfold and that of K threefold. Urine flow also rose significantly and the 
patient lost weight. Although on the following three days of treatment the 
increment in Na and K excretion fell markedly, the values at any given day were 
still higher than those of the control period (Table II). During the recovery 
period, K, Na, and water were retained in amounts approximately equal to the 
excess exereted during treatment and the patient began to regain weight (Table 
II). The exeretion of Cl was not depressed by Diamox and it actually increased 
slightly over control values. The excretion of ammonia and titratable acids 
was more strikingly depressed than in the normal pregnant patient (Table II). 

Table III compares the average values for Na, K, and Cl exeretions of the 
four normal pregnant and seven toxemie subjects. The absolute values for the 
excretion of these electrolytes during the three periods of study were signifi- 
cantly less in toxemia than in normal pregnaney. However, when judged in 
terms of relative values of each group of patients in relation to its own control 
the figures show that Diamox induced a greater and more sustained Na and 
K diuresis in the toxemie than in the normal pregnant patients. The exeretion 
of chloride during the treatment period was depressed in the group with normal 
pregnancy, whereas it remained the same or increased in the group with toxemia 
of pregnancy. 

Fig. 1 compares the magnitude of excretions of Na, K, Cl, ammonia, and 
titratable acids in one patient with severe pre-eclampsia, one with mild pre- 
eclampsia, and one with normal pregnaney before, during, and after the ad- 
ministration of Diamox. Although the degree of electrolyte retention at any 
period was proportional to the severity of the disease, Diamox was equally effee- 
tive in promoting Na and K diuresis in mild and severe pre-eclampsia. The 
retention of these two cations during the recovery period was equal in both pre- 
eclamptie patients and was greater and more prolonged than in the normal 
pregnant subject. The excretion of ammonia and titratable acids was not af- 
fected by the severity of toxemia. 

Fig. 2 illustrates data obtained from one patient with toxemia who received 
two courses of Diamox which were alternated with recovery periods. The 
changes in blood and urine compositions induced by the first course of therapy 
were similar to those described previously. A typical ‘‘rebound phenomenon”’ 
with electrolyte retention and weight gain occurred during the two days of the 
first recovery period. The second course of Diamox given at the height of elec- 
trolyte retention reinduced acidosis along with an increment in Na and K exere- 
tion. However, these cations nearly disappeared from the urine during the 
second recovery period. 
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Fig. 3 shows the results in a normal pregnant subject who received a single 
daily dose of 500 mg. of Diamox each morning and from whom urine and blood 
samples were collected every eight hours. The results in the other normal sub- 
ject were closely similar. The acidosis induced by the morning dose lasted for 
the full day, and on each subsequent day the drug produced a further fall in 
blood pH and CO,. The excretion of Na, K, and water increased significantly 
only for the first eight to sixteen hours after drug administration, but decreased 
to control values during the next eight hours. Here again, the diuretic effects 
of Diamox were more evident during the first day of treatment and became 
negligible thereafter. The total daily Na output (broken line) fell sharply on 
the second and third day, and upon eessation of therapy the ‘‘rebound phe- 
nomenon’’ with Na and K retention occurred. 

A similar experiment was carried out on one pre-eclamptie patient. The 
pattern of response resembled that of normal pregnancy with the exception that 
the increment in electrolyte and water exeretion persisted for three days instead 
of one day. 

Table IV presents data on the acute effects of Diamox obtained from one 
patient with toxemia of pregnaney. The pattern of changes in the other patients 
studied in this manner was similar. The urine flow and urine pH increased dur- 
ing the first hour after Diamox administration, remained elevated for about eight 
to ten hours, and then began to fall toward control values. Similarly, the de- 
creased excretion of ammonia, titratable acids, and Cl oceurred promptly after 
ingestion of the drug and remained for ten to twelve hours. Jlowever, the exere- 
tion of Na did not increase until the fourth hour after Diamox ingestion and 
actually it decreased somewhat during the first two hours. This was in contrast 
to K exeretion which progressively rose during the first hour. The excretion of 
both cations remained above control values for ten to twelve hours. To mateh 
these cations, a prompt and progressive increase in HCO3 exeretion occurred and 
remained elevated for over fourteen hours. Durine this time, the metabolic 
acidosis characteristic of Diamox was present. When the same studies were 


repeated on the following day, similar results were obtained except that the 
net loss of cations was somewhat smaller than that observed during the first day. 


DISCUSSION 


It is well agreed that the basie action of Diamox in the kidney is the in- 
hibition of the enzyme carbonic anhydrase which is responsible for the hydration 
of CO, and its consequent ionic exchanges. Maren, Mayer, and Wadsworth" 
have found that maximal inhibition is achieved in rats and dogs with doses 
near 5 mg. per kilogram of body weight, while Counihan, Evans and Milne’? 
have observed in man that the excretion of bicarbonate increases progressively 
with doses varying between 10 and 1,000’mg. a day. In the present study, the 
daily doses employed were never below 500 mg., which should have been suf- 
ficient to produce adequate inhibition of the renal carbonic anhydrase. 

The pattern of changes in acid-base balance observed after Diamox in nor- 
mal pregnancy did not differ materially from that observed in animals or man. 
The initial rise in electrolyte and water excretions did not persist for more than 
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one or two days regardless of the dose used here or of the mode of administering 
the drug. This state of refractoriness which is characterized by lack of net 
progressive loss of cations with continued treatment has been attributed by some 
authors'® to the fall in the filtered load of bicarbonate during the Diamox-in- 
duced acidosis. Others? believed the refractoriness to be due not to the fall in 
plasma bicarbonate per se but rather to a self-limiting action evoked by the 
metabolie acidosis. Maren and associates? have suggested that the refractori- 
ness may become less evident in dogs if the drug is given in a single daily dose 
in the morning. Under this condition the animal would recover from the 
acidosis at night and by the following morning would be in a normal acid-base 
equilibrium to receive another dose of the drug. 

Our data on the normal pregnant subjects who received 500 mg. of Diamox 
in the morning showed that the acidosis persisted for the whole day and was 
aggravated on subsequent days. This result was to be expected in view of 
Maren’s'! finding that Diamox could be recovered from the urine twenty-four 
hours after the administration of a similar dose to man. Whether smaller doses 
of the drug or more prolonged intervals between subsequent doses would induce 
a less persistent acidosis and would result in a more prolonged diuretic effect 
is the subject of further investigation in our laboratories. 


In contrast to the fleeting effects in normal pregnancy, Diamox evoked a 
more sustained loss of water and electrolytes in toxemia of pregnancy despite 
the fact that the metabolic acidosis in these patients was somewhat more marked. 


Satisfactory explanation for the difference in responses between normal preg- 
naney and toxemia of pregnaney cannot be offered at the present since our 
knowledge regarding the mechanisms of edema formation in toxemia is inade- 
quate. Persistent diuretic effeets were observed by Schwartz’ in edematous 
patients with cor pulmonale and respiratory acidosis. This author suggested 
that because of the respiratory acidosis and a high pCO, these patients probably 
have an increased tubular reabsorption of bicarbonate mediated through an in- 
creased carbonic anhydrase activity. Under these circumstances, inhibition of 
this enzyme with Diamox would result in a larger increment of bicarbonate 
exeretion. Although the pCO. was not determined in any of the toxemie pa- 
tients studied, there is no reason to believe that they had respiratory acidosis 
which would increase the carbonic anhydrase activity. Therefore, it is unlikely 
that the mechanisms suggested by Schwartz'' are responsible for the increased 
response to Diamox in toxemia. On the other hand, it has been postulated*® ™ 
that a persistent loss of cations and water from the extracellular fluid cannot 
result from the loss of bicarbonate alone without complete depletion of extra- 
cellular bicarbonate. Loss of chloride would probably occur simultaneously in 
the patients who have significant and sustained diuretic effects. The present 
data (Tables I to IV and Fig. 1) show that the patients with toxemia of preg- 
naney exereted as much or more chloride during Diamox administration as dur- 
ing the control period. This was in contrast to the normal pregnant subjects in 
whom the drug produced a significant reduction in chloride exeretion. Thus, 
it is possible that the difference in the behavior of chloride excretion in normal 
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pregnancy and toxemia of pregnancy might have contributed to the more per- 
sistent diuretic effect of Diamox in toxemia. The question of why chloride ex- 
cretion in toxemia remained the same or increased during Diamox treatment can- 
not be answered as yet. 

Loss of weight during Diamox administration occurred in all patients 
studied but was greater in the toxemic than in the normal pregnant subjects. 
Three factors might have contributed to the weight loss: (a) The loss of a 
certain amount of fluid isosmotically with electrolytes. (b) The loss of fluid 
through the kidneys in excess of that which accompanied solute excretion. Such 
a loss of more fluid than solute during Diamox administration has been observed 
by others? *° and is confirmed in our observations. In all instances, the con- 
centration of electrolytes in the urine did not increase to the same extent as did 
their excretion, and the specific gravity of the urine (determined in two patients 
with toxemia and two with normal pregnancy) was lower in the treatment than 
in the control periods. Although it has been possible to eliminate the increase 
in urine flow by antidiuretic hormone,? the exact mechanism of this phenomenon 
is not well established. (c) Since most of the patients studied lost still more 
weight during Diamox treatment than could be accounted for by the renal ex- 
eretion of water and electrolytes, it is possible that the insensible loss of fluid 
inereased during acidosis in a manner similar to that observed in animals.'® 

These considerations might lead one to believe that Diamox is a useful 
agent in the management of edema of toxemia of pregnancy. However, the 
weight lost during Diamox administration was partially regained after cessa- 
tion of therapy. This fact was largely due to the electrolyte retention which 


occurred invariably in this period. The presence of this ‘‘rebound phenomenon’’ 
and the inability to overcome it by altering the dose of Diamox or by changing 
the schedule of its administration seems to limit the usefulness of this com- 
pound in the management of toxemia of pregnancy. Whether lowering the 
sodium intake following cessation of therapy may overcome the electrolyte re- 
tention seen in this period is the subject of current investigation in these labora- 
tories. 


The hourly changes observed after the administration of Diamox are inter- 
esting. The delay of three to four hours for the increment in sodium exeretion 
cannot be explained on the basis of faulty absorption of the drug since the other 
effects characteristic of Diamox were evident after the first hour. Leaf* has 
suggested that when hydrogen transport is inhibited, potassium is the cation 
most readily available for excretion. The present data are consistent with this 
concept since the potassium exeretion increased before that of sodium. The 
reason for this initial preference for potassium over sodium is not clear. 

The marked difference in the absolute values for electrolyte excretion be- 
tween the normal pregnant and toxemie patients was observed during ammonium 
chloride acidosis'* and is confirmed in the present studies. Such a difference 
was not noted during osmotic diuresis with hypertonic mannitol.1® The possible 
reasons for this discrepancy have been discussed elsewhere.’2 Whether the 
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smaller excretion of electrolytes in toxemia of pregnancy is due to the high 
levels of salt-retaining hormones,'® 7* or to the diminished glomerular filtration 
rate,’° or to both is not possible to assess from the present observations. 


SUMMARY AND CONCLUSIONS 


1. The effects of inhibition of renal carbonic anhydrase by Diamox were 
studied in patients with normal pregnancy and patients with toxemia of preg- 
naney. 

2. In normal pregnancy, Diamox induced metabolic acidosis which was 
accompanied by increased exeretion of water, Na, and K and a diminished ex- 
eretion of ammonia, titratable acids, and Cl. These effects lasted for one or 
two days despite continuation of treatment. A ‘‘rebound phenomenon’’ with 
water and electrolyte retention occurred after cessation of therapy. 

3. In toxemia of pregnancy, Diamox induced a more sustained water, Na, 
and K exeretion. The excretion of Cl was not depressed. The ‘‘rebound phe- 
nomenon’’ was longer than in normal pregnancy. 

4. Loss of more water than solute during Diamox administration was ob- 
served in both groups of patients. 

5. Absolute values for electrolyte excretion were significantly less in toxe- 
mia than in normal pregnancy during all of the periods of study. 

6. Upon inhibition of renal carbonic anhydrase by Diamox, potassium was 
more readily available for excretion than sodium. 
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THE TURNOVER RATE OF SERUM ALBUMIN IN THE NEPHROTIC 
SYNDROME AS DETERMINED BY I'*?-LABELED ALBUMIN 


WituiAm H. Buaup, M.D., Max FiEe.ps, B.S., AaNp RaLpH GoLpMAN, M.D. 
Los ANGELES, CALIF. 


“Ripe vingleiney opinions exist as to whether the nephrotic syndrome is pri- 
marily renal in origin or the result of some obscure derangement of pro- 
tein metabolism. A knowledge of the dynamics of albumin turnover should 
contribute to a better understanding of this problem. In the present study, 
the turnover rate of serum albumin was determined by observing the disap- 
pearance from the blood of tracer amounts of human serum albumin labeled 
with radioiodine. 
METHODS 


A. Patients——The subjects of this investigation were 4 normal men and 4 adult male 
patients with the nephrotic syndrome. All the patients exhibited extensive edema, mas- 
sive albuminuria, hypoalbuminemia, and hypercholesterolemia. In addition, they all had 
varying degrees of microscopic hematuria, but no significant anemia, hypertension, or 
azotemia. None of the patients had a history suggestive of acute glomerulonephritis. 

B. Procedures.—The patients were admitted to the metabolic ward for balance studies. 
They were placed on nitrogen-balance regimens consisting of 2 to 5 five-day balance 
periods. The balance diets contained 2 different levels of nitrogen, 6 or 12 Gm. After a 
control period, each patient received 40 ye of 1131-labeled human serum albumin* intra- 
venously. Lugol’s solution (10 drops daily) was given the day prior to and during the 
studies to depress trapping of released iodine by the thyroid gland. Blood samples were 
taken at frequent intervals for chemical analyses and radioactivity assays. Urine was 
collected in twenty-four-hour pools. Total protein and nitrogen excretion was deter- 
mined daily. The total urine radioactivity was measured and then fractionated into 
protein-bound (1131-labeled albumin) and nonprotein-bound (free I131) components. Plasma 
and urine electrophoretic patterns were obtained by the Tiselius method. Stools were 
collected in five-day pools between carmine markers and analyzed for total nitrogen con- 
tent. Complete duplicates of the daily diet were prepared during alternate periods for 
nitrogen analysis. 


C. Analytic Methods.—Serum albwain values were obtained by a modified Cohn frac- 
tionation procedure in which sodium sulfate was substituted for the original sulfite re- 
agent.1,2 Urine, stool, and diet nitrogen were measured by the Hiller, Plazin, and Van 
Slyke modification of the Kjeldahl procedure.® Urine protein excretion was determined by 


the biuret method.4 

Radioactivity measurements of blood and urine specimens were made with a heavily 
shielded thallium-activated sodium iodide erystal scintillation counter during the initial 
Phases of the study. Later, all samples were counted in a well-type sodium iodide erystal 
scintillation counter. All specimens were assayed in the liquid state. The counting proce- 
dures employed have been described by Libby, Taylor and Thomas.5 
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The urine radioactivity was fractionated into protein- and nonprotein-bound com- 
ponents ‘by precipitating the protein in aliquots of the daily urine with 10 per cent 
trichloracetic acid. The precipitates were washed with 5 per cent trichloracetie acid, 
redissolved in dilute alkali, and counted. 

Plasma volumes were done in conjunction with the initial injection of the tracer 
material after the method of Aust and co-workers. 

D. Caleulations.—The half-time of albumin turnover was obtained graphically from 
the semilogarithmic plot of the slow component of the blood disappearance curve of 1131- 
tagged albumin.* 

In2 0.693 


x 100 = —— x 100. 


Albumin turnover rate (percentage/day) = -7z—; x 
. (I 5 / ay ) - 1, t 1% 


Counts injected 





Exchangeable albumin pool (grams) = : = a : — 
aide pool (gre ) Albumin specific activity at zero time (as- 


suming complete distribution). 
Albumin turnover (grams/day) = 
Exchangeable albumin pool x albumin turnover rate. 
Circulating albumin (grams) = 
Plasma albumin concentration x plasma volume. 
Extravascular albumin (grams) = 
Exchangeable albumin pool—circulating albumin. 





RESULTS AND INTERPRETATIONS 
The plasma and urine radioactivity disappearance curves and the nitrogen 
balance data obtained in the 4 patients studied have been plotted (Figs. 1 to 4). 
Observed and derived values are tabulated in Table I. Table II summarizes the 
data obtained in the 4 normal subjects. 
The semilogarithmic plot of the disappearance of plasma radioactivity fol- 
lowing the injection of I'*!-tagged albumin was a two-phase curve with a fast 
and slow component. The fast component was associated with the relatively 


TABLE I. ALBUMIN TURNOVER DATA (NEPHROTIC PATIENTS) 











| ao | | BF. | uv. (1) | Lv. (I) 

Exchangeable pool (Gm.) 103 82 178 11] 9] 
Half-time turnover (days) 2.5 3.5 5.2 3.5 2.5 
Turnover rate (%/day) 27.7 19.8 13.3 19.8 27.7 
Turnover (Gm./day) 28.4 16.3 23.8 22.0 25.2 
Serum albumin (Gm. %) 0.67 0.62 1.52 1.01 1.18 
Plasma volume (ml.) 3,080 3,130 1,848 2,070 

Circulating albumin (Gm.) 20.6 19.4 18.1 20.7 24.6 
Extravascular albumin (Gm.) 82.4 62.6 159.9 95.3 66.4 
Ratio circulating albumin/ 0.25 0.31 0.11 0.22 0.37 

extravascular albumin 
Urine excretion (Gm./day) 6.69 6.14 5.70 7.88 11.26 





TABLE II, ALBUMIN TURNOVER DaTA (NoRMAL SuBJECTS) 











| ie | Vv. T. | A. E. | wWw.P. | MEAN 
Exchangeable pool (Gm.) 329 309 289 232 289 
Half-time turnover (days) 16.5 11.5 13.5 10.3 12.9 
Turnover rate (%/day) 4.2 6.0 5.4 6.7 3.0 
Turnover (Gm/day) 13.8 18.6 14.9 15.0 15.6 
Serum albumin (Gm. %) 3.2 3.5 3.5 3.0 3.3 
Plasma volume (ml.) 2,610 2,730 2,500 2,300 2,525 
Circulating albumin (Gm.) 83.5 96.2 88.0 69.0 84.2 
Extravascular albumin (Gm.) 245 213 201 163 205 
Ratio circulating albumin/ 0.34 0.45 0.44 0.42 0.41 


extravascular albumin 
Weight (kg.) 68.2 78.0 79.6 67.7 73.4 
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rapid initial fall in plasma radioactivity following injection. A more gradual 
decline oceurred after approximately five to seven days (Figs. 1 to 4). This 
slow component of the disappearance curve was an exponential decay, since 
the points approximated a straight line. 
to represent the rate of turnover of administered I'*'-labeled albumin and, 
hence, the turnover rate of serum albumin. 


The slow component was assumed 


The half-time of albumin turnover was markedly reduced in all the cases 
studied. It varied from 2.5 to 5.2 days as compared with the normal mean of 
12.9 days (Tables I and II). The albumin turnover rate, calculated from the 
half-time, was greatly elevated, ranging from 13.3 per cent to 27.7 per cent 
per day in contrast with the mean normal turnover rate of 5.5 per cent per 
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Fig. 1.—Subject J. A. 
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Semilogarithmic plot of plasma and urine radioactivity disappear- 
The slopes are obtained by inspection from the points after the steady state is 


Minor variations in the plotting of these appreciably influence the 


_ Nitrogen data are plotted so that the broken line represents a summation of stool and 
urine nitrogen excretion. Extension of the broken line above the intake indicates negative 
balance, below, positive balance. 

Fig. 2.—Subject F. H. 


The exchangeable albumin pool was obtained by the principle of isotope 
dilution, using the zero time extrapolation of the slow component of the 
plasma disappearance curve (see Appendix). This quantity, it is assumed, 
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represents that portion of the total body albumin pool, both vascular and ex- 
travasecular, which will exchange with the labeled albumin. All the patients 
had diminished exchangeable albumin pools. In 3 of the 4 patients studied, 
the pool was reduced as much as 50 per cent of normal (Tables I and IT). 

Albumin turnover in grams, the product of the exchangeable albumin pool 
and the turnover rate, was significantly elevated in 3 of the patients (Tables 
I and IT). 
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The circulating or vascular albumin was strikingly diminished. The high- 
est value obtained was 24.6 Gm. as compared with the normal average of 84.2 
Gm. (Table II). Extravascular albumin stores were also markedly depressed 
in 3 of the 4 patients studied (Table I). The ratio of circulating to extravascu- 
lar albumin was moderately reduced in 3 of the patients and was normal in 
the fourth. 

All patients exhibited a marked proteinuria, consisting of both albumin 
and alpha-1 globulin. Albuminuria varied from 5.70 to 11.26 Gm. per day 
(Table 1). The electrophoretic patterns of the plasma proteins were similar 
in all cases and showed a marked depression of albumin associated with an 
elevation of the alpha-2 and beta globulins, and fibrinogen. The urine electro- 
phoretic patterns also showed remarkable similarities. High albumin peaks 
with small adjacent alpha-1 globulin peaks were observed (Fig. 5). 
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The semilogarithmic plots of recovered urinary radioactivity grossly ap- 
proximated the plasma radioactivity curves (Figs. 1 to 4). The half-time 
values obtained from the slopes of the slow components of the urine radio- 
activity curves were slightly less than the plasma values. If all the radio- 
iodine released by degradation of radioalbumin and all excreted undegraded 
radioalbumin had been recovered promptly in the urine, the half-time values 
for plasma and urine radioactivity would have been identical. The trichlor- 
acetic acid fractionation of urine radioactivity indicated a recovery of protein- 
bound radioactivity, approximately equivalent in grams of albumin to the 
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Fig. 4.—Subject L. V. Studies I and II (interval between studies—24 days). During 
Study I the subject received a daily intake of 6 Gm. of nitrogen. In Study II the intake was 
raised to 12 Gm. of nitrogen. In Study II, the linear plot of plasma_ radioactivity after 
equilibration is uncertain because of the limited number of points obtained. The plasma and 
urine radioactivity curves are essentially parallel in other patients, thus a line fixed on the 
available plasma points paralleling the plot of the urine curve after equilibration should give 
a reasonable approximation of the slope of the slow component of the plasma radioactivity 
curve. Minor variations in the slope of this line would not appreciably influence the results. 





actual renal loss with the exception of Patient J. A. (Table III). The major 
source of error in the recovery of radioactivity in the urine would seem to be 
due, therefore, to the retention of some of the liberated radioiodine or its 
excretion by other routes. 

The rate of albumin synthesis was closely related to the level of dietary 
nitrogen. The patients who received a diet at the 12-Gm. nitrogen level re- 
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mained in positive nitrogen balance, and the rate of albumin synthesis was 
high (Figs. land 3). Of the 2 patients who received diets at the 6-Gm. nitro- 
gen level, 1 remained in nitrogen balance, the other went into negative bal- 
ance (Figs. 2 and 4). In the latter patient (I*°. H.), the rate of albumin pro- 
duction was the lowest observed. The other patient (lL. V.) was able to main- 
tain nitrogen balance on the 6-Gm. diet, but the balance became strongly posi- 
tive on the 12-Gm. diet. A corresponding increase in albuminuria was ob- 
served, associated with an increase in the rate of albumin turnover (Table I). 
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Fig. 5.—Ascending electrophoretic patterns of plasma and urinary proteins. (Tiselius method.) 





TABLE III. Gram EQUIVALENTS OF ALBUMIN EXCRETED PER DAY BASED ON 
RECOVERED RADIOACTIVITY IN URINE* 











NON PROTEIN-BOUND l PROTEIN-BOUND 








SUBJECT (LIBERATED 1131) (1131-LABELED ALBUMIN ) | TOTAL 
J. A. 22.5 3.9 26.4 
F. H. 5.2 5.2 10.4 
B. F. 11.0 4.7 15.7 
in ¥. (2) 9.9 , 7.8 We 
L. V. (IT) 9.1 12.7 21.8 





*Average of values obtained during the last 8 to 10 days of study. 


DISCUSSION 


The validity of the methods employed in this study is dependent upon the 
stability of albumin tagging by radioiodine. Studies by Bauer and associates* 
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with this material in body fluids indieate firm binding of the radioiodine to 
albumin. The preservation of the native physical and chemical properties of 
serum albumin after I'°'-labeling has been well documented. ® 

The metabolic behavior of I'*'-labeled albumin in vivo, however, is the 
subject of considerable controversy. Immunochemical studies have shown 
identical behavior of labeled and nonlabeled albumin in vivo.” 1°! On the 
other hand, investigators using S*, N°, and C'* albumin labeling techniques 
have observed longer half-times than have been obtained with I'*!-labeled 
albumin.'*-?> Recent evidence suggests that such prolonged turnover times 
may be the result of reutilization following degradation of the isotopic pro- 
tein.’* 17 The considerable dispute concerning the metabolic behavior of 
tagged albumin, however, does not invalidate turnover rate investigations em- 
ploying labeled albumin, provided that all results are interpreted in the light 
of control studies conducted with the same material. 

The current studies deal with subjects in a steady state with respect to 
synthesis, degradation, and renal loss of albumin. The concentration of serum 
albumin and the daily albumin excretion remained essentially constant. Un- 
der such conditions, an increase in the albumin turnover (grams per day) is 
indicative of enhanced albumin synthesis. The increase in production, ob- 
served in 3 of the 4 patients, appears to be a form of physiologic compensa- 
tion for the persistent renal leakage of albumin. However, despite the in- 
crease in albumin production, serum albumin concentrations and exchangeable 
albumin pools remained low. 

Certain observations may be made concerning the interrelationship of 
nitrogen and albumin metabolism. There seemed to be a definite correlation 
between protein intake and albumin production. The production of albumin 
was significantly augmented when the protein intake was sufficient to main- 
tain nitrogen equilibrium. When nitrogen balance was negative, as the result 
of inadequate protein intake, albumin synthesis declined. The elevation of 
protein intake beyond that required to maintain nitrogen balance increased 
albumin production, but, at the same time, produced a comparable increase in 
proteinuria (Patient L. V. [II]). The serum albumin concentration was in- 
fluenced only slightly by the level of dietary protein or the rate of albumin 
production. Similar studies by Keutmann and Bassett!® in patients with pro- 
teinuria due to chronie renal disease failed to reveal significant changes in 
the serum proteins of 2 patients who received high protein diets and were in 
strongly positive nitrogen balance. They noted, however, increased protein- 
uria when the protein intake was raised. 

The possibility that either decreased protein synthesis or increased pro- 
tein breakdown occurs in the nephrotic state appears to be refuted by the 
data. The evidence at hand, relative to albumin, indicates that production is 
increased and that the rate of breakdown, as indicated by the release of I'*! 
‘rom degraded labeled albumin, is not increased. The further possibility that 
abnormal or altered protein moieties are produced which readily pass through 
the glomerular capillaries has been suggested.’? The evidence in support of 
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this suggestion, however, has been most inconclusive.2’?* It would appear, 
therefore, that the low serum protein concentrations and proteinuria of the 
nephrotic state must be a consequence of a primary renal lesion rather than 
the result of disturbed protein metabolism. 


SUMMARY 


Simultaneous albumin turnover and nitrogen balance studies were per- 
formed on 4 patients with the nephrotic syndrome. Balance diets containing 
both high and low levels of nitrogen were employed. The albumin turnover 
rate was determined from the disappearance curve of plasma radioactivity 
following the intravenous injection of tracer amounts of [?*!-labeled human 
serum albumin. Simultaneous disappearance curves of urine radioactivity 
were obtained. Data obtained included the total exchangeable albumin pool 
and the circulating or vascular albumin pool. 

The albumin turnover (grams per day) was found to be elevated in 3 of 
4 eases studied, indicating enhanced albumin production. Total exchangeable 
albumin pools were markedly diminished; circulating albumin was severely 


depleted. 

The level of dietary nitrogen was closely related to the rate of albumin 
synthesis. Albumin production was increased when the patients received high 
protein diets, but declined when nitrogen balance became negative following 


the institution of low protein diets. 


APPENDIX 
Discussion of Methods for Calcwating Exchangeable Pools.—As pointed out in the text, 
after a few days the plasma radioactivity plot and the daily urinary excretion plot fall 
off exponentionally at about the same rate, making the slow components of both these 
plots appear as straight lines of about the same slope. Ideally, the exchangeable albumin 
pool should then be calculable at any time (t) after the steady state is reached as equal to: 
initial counts injected at time zero — cumulative urine loss to time (t) 
albumin specific activity at time (t) 





and this will be the same whatever value of (t) is taken after the steady state is reached. 

In many instances, a large amount of activity is lost in the urine before the steady 
state is reached, thereby making the numerator of this fraction a small difference of large 
quantities and subject to considerable error in its determination. Small percentage errors 
of urine collection will make large percentage errors in the small difference. This is borne 
out by the fact that unreasonable and erratic pools are obtained when this method of cal- 
culation is used, except when there is reason to believe that the urine excretion values are 
especially precise. For this reason, it is convenient to calculate exchangeable pools from 
the zero time extrapolation of the blood radioactivity disappearance curve during the 
steady state and the administered dose. The zero time intercept gives the fictitious 
specific activity that would exist if the steady state were reached instantaneously upon 
administration of a fictitious dose, which is obtained from the zero extrapolation of the 
plot of retained radioactivity. In view of the technical difficulties in obtaining accurate 
urine radioactivity recoveries, the numerical value of this extrapolated dose is subject 
to error. In instances when recoveries were especially precise, the value of the extrap- 
olated dose did not differ by more than 10 or 15 per cent from the actual administered 
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dose. In practice, therefore, reasonable and consistent pool values may be calculated us- 
ing the actual administered dose instead of the extrapolated dose. The mathematical re- 
lationships between these quantities can be expressed as follows: 


be the daily urinary excretion 
the initially administered dose 
the remaining dose 
the extrapolated daily urinary excretion to zero time 
the remaining dose extrapolated to zero time 
the time in days 
the fractional albumin turnover rate. 
Then D = Dy,e*t 
E -dD 
= SP eit 
then E, = kD,, 
from which we derive 
D; i} t% E, 
Di —~ KD, 0:693> D; 
The approximate values of D,/D, are shown in the following table: 


a aH’ 
= kDie**, 











PATIENT | é | 1/;, | Ex D,/D, 
Js A 2.26 3.25 0.28 0.91 
F. H. : 5.34 0.15 0.80 
i Saal 5. 7.36 0.095 0.70 
EB: V. 3.0 4.33 0.22 0.953 
L. V. 2.25 3.25 0.34 Lat 








The D,/D, ratio should be expected to be in the 0.9 range whenever urine recoveries are 
reasonably accurate. The failure of patient B. F. to fit the assumptions of the method arises, 
in all probability, from incomplete urine recoveries. The other patients fit reasonably well. 
In lieu of a more precise method of determining the pools, it is believed that the approxima- 
tions made here are suitable for the purposes of this study. 


We are indebted to Dr. Benedict Cassen, Professor of Biophysics, University of Cali- 
fornia at Los Angeles, for advice and helpful criticism. We also wish to acknowledge the 
valuable technical assistance of Gloria Getehell and Betty Yost, and the secretarial assistance 
of Esther Flaskerud. 
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PROBLEMS IN THE MANAGEMENT OF ERYTHROBLASTOSIS FETALIS 


If. AppririonaL EXAMPLES EXurpitinc UNUSUAL CLINICAL AND 
SEROLOGIC FINDINGS 


A. 8. Wiener, M.D., ano G. J. BRancato, M.D. 
BROOKLYN, N. Y. 


URING the past decade, statistical studies on series of cases have placed 

the pathogenesis, diagnosis, and treatment of erythroblastosis fetalis on 
a sound foundation. In the average case the occurrence of the disease in the 
baby ean be predicted before birth by antenatal blood tests on the expectant 
mother, and the management has been largely standardized. From time to 
time, however, the physician is confronted with patients exhibiting unusual 
serologic, hematologic, or clinical findings, and presenting problems in diag- 
nosis and treatment. In a preceding paper! we reported five such cases and 
described the steps taken to identify the blood factor or factors to which 
sensitization had occurred, as well as the treatment of the affected baby. 
Aside from their practical value, detailed studies of such problem cases in- 
crease one’s insight into the nature of the disease and its prophylaxis and 
therapy. In the present paper, therefore, are presented additional cases ex- 
hibiting unusual serologie and elinical findings. 


CasE 1. Icterus Praecox Caused by Sensitization to the C Factor of the A-B-O System; 
In Vivo Absorption of the © Antibody—tThe patient was a white woman who was studied 
by us for the first time during her fifth pregnancy. This patient had never received a 
blood transfusion. She had no living children and her obstetrical history was as follows. 
The first pregnancy had occurred six or seven years before, and had terminated as a 
spontaneous abortion at 2144 months. The second pregnancy resulted in a full-term baby 
who lived only a few hours. This baby was given a small blood transfusion before death, 
and the autopsy was said to have revealed evidence of erythroblastosis fetalis. The third 
pregnancy terminated as a spontaneous abortion at 4 months. This was followed by an- 
other abortion at 244 months. 

Because of the formidable history, blood tests were carried out to determine whether 
isosensitization had any relationship to this couple’s obstetrical problem. The blood of 
the patient was found to belong to group O, type M, type Rh,rh, while her husband be- 
longed to subgroup A,, type N, type Rh,Rh,. These results ruled out the possibility of 
Rh-Hr sensitization, but in view of the incompatibility with regard to the A-B-O system, 
the A and B isoantibodies in the maternal serum were titrated. As shown in Table I, 
in tests carried out at body temperature by the saline agglutination method, the titers of 
the isoantibodies for A, and B cells were 32 and 12 units, respectively, which is about aver- 
age, but by the acacia conglutination method the titers were moderately elevated, namely, 


50 units for A, cells and 160 units for B cells. This indicated that the patient was sen- 
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sitized to the A and B agglutinogens with antibodies predominantly of the ‘‘univalent’’ 
or placenta-passing type.2 This also suggested that A-B-O sensitization might have had 
some relationship to the patient’s obstetrical problem, since there is some evidence that 
such sensitization may be associated with a higher incidence of abortions and misca: 
riages.3, 4 


TABLE I. TITRATION OF ISOANTIBODIES IN THE SERA OF THE MOTHER AND 
Her NEWBORN BABIES (CASE 1) 








TITER BY SALINE TITER BY ACACIA 
AGGLUTINATION CONGLUTINATION 
METHOD FOR CELLS METHOD FOR CELLS 
OF GROUP OF GROUP 
SERUM TIME OF TEST - REMARKS 








Mother During 5th preg. 
Jan. 15, 1949 2 No significant 
Feb. 25, 1949 5 change in titer 
Baby ¢ At birth Titers by acacia 
group O March 12, 1949 method similar to 
mother’s 


oir, 


Mother After 6th preg. ; Normal baby 
and birth of group O 
baby 


Oct: 3, 1950 


Mother During 7th preg. 
May 7, 1952 Titers similar to 
June 19, 1952 : 5th pregnancy 
Baby @ At birth | Note low titer for B 
group A Aug. 1, 1952 cells as well as A 
cells 


Mother During 8th preg. 
July 17, 1954 800 Apparent fluctuation 
Sept. 23, 1954 120 in titer probably 
Nov. 5, 1954 800 represents acci- 
dental technical 
variations 
Baby 4 At birth 1% Findings similar to 
group A Nov. 27, 1954 preceding baby’s 





*Test not made. 


When the fifth pregnaney terminated, a normal group O baby boy was born; ob- 
viously the mother’s A and B antibodies could not harm any baby belonging to group 0. 
The isoantibodies in the baby’s cord serum were titrated; by the saline agglutination 
method the reactions were very weak (the titers were only 1 unit for A, cells and 5 units 
for B cells), while by the acacia conglutination method the titers were almost the same as 
the mother’s (Table I). This confirmed our impression that the antibodies in the maternal 
serum were predominantly of the univalent type. With regard to the weak reactions given 
by the baby’s cord serum in saline medium, for reasons given elsewhere,4 we believe these 
represent conglutination rather than agglutination. In titrations of conglutinating anti- 
sera in a saline medium, clumping may occur in the first few dilutions, which contain 
enough protein to cause the occurrence of conglutination.s Thus, the low titers of the 
baby’s cord serum in the saline test do not represent bivalent antibodies passively ac- 
quired by placental transfer from the mother, but represent the action of univalent anti- 
bodies in the first few dilutions of the saline titration. 

Further light was thrown on the nature of the mother’s A-B-O sensitization by stud- 
ies carried out during subsequent pregnancies. The sixth pregnancy yielded another group 


O baby, this time a girl. Unfortunately, none of the cord serum was saved for study. 
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Titrations carried out on the mother’s serum after the sixth pregnancy and during the 
seventh showed no significant change in titer beyond the limits of error of the titration 
method, The seventh pregnancy yielded a baby girl of group A. In view of the high titer 
of the antibodies in the maternal serum, this baby was expected to exhibit some evidence 
of hemolytic disease. The icterus index of the cord serum was 20 units, which is just be- 
yond the upper limits of normal. Moreover, at birth there was questionable evidence of a 
minimal anemia, the red cell count being 4.7 million per cubie millimeter and the hemo- 
globin concentration 16 Gm. per 100 ¢.c. No treatment seemed necessary at first, although 
the infant developed an early, but mild and evanescent, jaundice. When the infant was 
4 weeks old, the red cell count dropped to 2.5 miliion per cubic millimeter and the hemo- 
globin concentration to 9 Gm. per cent. The baby was given 70 ml. of packed group O 
cells, and no further treatment was necessary. 

The results of the titrations of the A and B antibodies in the cord serum of this 
group A baby are of interest. The titer for A, cells was zero by the acacia conglutination 
as well as the saline agglutination method. This was to be expected, since the A anti- 
bodies passively acquired from the mother would be absorbed and neutralized by the 
baby’s group A celis as well as her tissues and body fluids. Remarkably, also the titer 
for B cells was negligible, namely, zero by the saline agglutination method and only 1 unit 
by the acacia conglutination method. This could hardly be ascribed to the failure of the 
maternal B antibodies to pass through the placenta, since studies on the cord serum of a 
previous group O baby boy had shown the titer for B cells by the acacia method to be 
about the same as the mother’s, namely, 160 units. The alternative, therefore, is that the 
maternal antibodies did pass through the placenta into the group A baby’s body, but were 
neutralized somehow. The most reasonable explanation appears to be that the placenta- 
passing antibodies in the maternal serum responsible for the reactions with group B cells 
were almost entirely of specificity anti-C, and not of specificity anti-B. 

Additional titrations were carried out on the patient’s serum during her eighth preg- 
nancy, again without revealing any change beyond the limits of error of the method. 
Thus, this woman had maintained virtually constant antibody titers during a period of six 
years. The most recent baby, born at the end of 1954, was a boy of group A. The clini- 
cal findings on him were virtually the same as on the preceding group A baby girl, namely, 
an early mild evanescent jaundice and mild anemia, but this infant did not require any 
treatment. Titration of the isoantibodies in his cord serum also exhibited virtually no 
reaction for B cells as well as A cells, demonstrating again that the antibodies transmitted 


through the placenta from the mother were principally of specificity anti-C. 


Statistical studies* ® on A-B-O hemolytie disease have shown that the 
mothers, with few exceptions, belong to group O, as has been emphasized 
especially by Rosenfield.’ Rosenfield has noted the passage into the baby’s 
serum from the mother of an antibody which cross-reacts with cells of group 
A and group B. This cross-reacting antibody, of course, is the antibody anti-C 
for the A-B-O system.* Since the blood factor © occurs in association with 
factor A in agglutinogen A, while agglutinogen B has two factors, B and C, 
anti-C cannot oceur in the serum of individuals of group A, B, or AB, and 
occurs exclusively in the serum of group O individuals (Table I1). Wiener 
and Unger® have shown that in group O mothers the isoantibody titers, on the 
average, are four times as high as in mothers of group A or group B, due to 
lle presence of anti-C in the serum of the former. Moreover, Wiener and 
Uuger have found that anti-C of group O mothers occurs in the placenta-pass- 
iny form more often than either anti-B of group A mothers, or anti-A of group 
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is mothers, so that, on the average, babies of group O mothers aequire by 
placental transfer about 15 times as much isoantibody as babies of group A 
or group B mothers. This serologic evidence, indicating the important role 
of univalent C antibody in A-B-O hemolytic disease readily accounts for the 
excess of group O mothers. 

Wiener and Wexler’? have described in detail a severe case of A-B-O 
hemolytic disease, with serologic data demonstrating the role played by C 
antibody in its pathogenesis. The case which we have just described here 
provides even more convincing evidence of the placental transfer of the C 
antibody. Our sensitized patient was studied through four pregnancies, two 
of which yielded group O babies, and two of which yielded group A babies. 
When the baby belonged to group O, the antibody titers for both A and B 
cells by the acacia method were high in the cord serum and virtually the same 
as the mother’s. On the other hand, when the baby belonged to group A, the 
antibody titer was negligible not only for the group A cells but also for group 
B cells. The failure of the cord sera from the two group A babies to clump B 
cells indicates that the placenta-passing antibodies of their group O mother 
were not of specificities anti-A and anti-B, but principally of specificity anti- 
C. While anti-B can be absorbed and neutralized by group B cells only and 
not by group A eells, cross-reacting anti-C is absorbed by either group A or 
croup B eells. 


TABLE II. Tue Bioop Factor C or THE A-B-O GrRouUPS8 

















BLOOD RED BLOOD CELLS 
GROUP AGGLUTINOGENS | BLOOD FACTORS* AGGLUTININS IN SERUM 
O None None Anti-A, anti-B, and anti-C 
A A A and C Anti-B 
B B B and C Anti-A 
AB A and B A, B, and C None 








_ *To avoid ambiguity, boldface type is used for blood factors and their corresponding 
antibodies, regular type for agglutinogens and phenotypes, while italics are used for genes 
and genotypes. 


CASE 2. Rh-Positive Newborn Baby With Serologic Evidence of Rh Sensitization Char- 
acteristic of Erythroblastosis Fetalis, But Without Clinical Signs of Disease—The patient 
was a newborn white girl born at term. She was the eighth child in the family and the result 
of the ninth pregnancy. Her mother had never received a blood transfusion and was married 
for the second time. There were two children from the first marriage, whose father had been 
killed during the war. These two children had been normal at birth and were alive and 
well. They were not available for blood typing. From the second marriage there were 
five living healthy infants, aside from the patient, while one of the pregnancies had termi- 
nated as a three-month miscarriage. 

There had been no Rh tests made during any of the previous pregnancies, including 
the most recent one. The reason for this Was that the mother had failed to present her- 
self for antenatal care, but was in the habit of reporting to the emergency room only when 
she was ready to deliver. Moreover, following each delivery, the mother was discharged 
from the hospital with her baby, before the incompleteness of her record was detected. The 
new baby, our patient, was normal at birth and exhibited no clinical evidence of anemia 
or jaundice. However, this time the absence of the Rh test was discovered while tlie 
mother was still in the hospital. Her blood was sent to the laboratory where it was found 
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that she was Kh negative and strongly sensitized to the Rh factor. When it was found, 
moreover, that the direct anti-globulin test on the baby’s red cells was strongly positive, 
one of us (A. 8. W.) was called into consultation, All the findings reported by the labora- 
tory were then confirmed. 


TABLE III. ResSuLTS OF GROUPING AND RH-Hr Tests ON FAMILY OF CASE 2 




















ae A-B-O M-N KELL Rh-Hr 
BLOOD OF | GROUP TYPE TYPE TYPE 
Father* : O MN k Rh,Rh, 
Mother O MN k rh 
3rd child, @ 744 yr. old O MN k Rh,rh 
4th child, @ 6 yr. oldt O MN k Rh,rh 
5th child, 9 414 yr. old} O M k Rh,rh 
6th child, @ 24% yr. old O N k Rh,rh 
7th child, @ 1% yr. old O MN k Rh,rh 
8th child, @ (patient) O MN k Rh,rh 
9th child, @ (baby born 1 yr. O MN k Rh,rh 


later ) 





*Second husband. 
yOnly the children of the second husband are included in this table. 
tThis child was followed by a three-month miscarriage. 


Table III shows the results of the grouping and Rh-Hr tests on the mother, all six 
children of the second marriage, including the patient, and their father. The mother was 
Rh negative, while the father belonged to type Rh,Rh,, so that his genotype was either 
Rik! or Rir’, of which the former is by far the more common and, therefore, the more 
likely. That the father was almost surely homozygous for the Rh, factor follows further 
from the fact that all six children are type Rh,. 


TABLE IV. RESULTS OF RH ANTIBODY TITRATIONS ON MOTHER AND UNTREATED 
ERYTHROBLASTOTIC INFANT (CASE 2) 








QUANTITATIVE 
DIRECT ANTI- 








| | 
| 
| TITER OF SERUM BY METHOD OF GLOBULIN TEST 
| | ALBUMIN- | (DEGREE OF 
SALINE | PLASMA | ANTI FICINATED COATING IN 
SERUM OF TIME OF TEST AGGL. | CONGL. |GLOBULIN | CELLS PER CENT) * 
Mother 2 days postpartum 0 20 64 88 0 
6 days postpartum 0 20 40 192 
Average of above 0 20 52 140 
2 tests 
Baby girl 2 days old 0 8 8 44 59 
(patient) 6 days old 0 10 36 144 40 
Average of above 0 9 22 94 50 
2 tests 
15 days old 0 6 12 132 75 
44 days old 0 4, 1 21 10 
81 days old 0 0 0 3 0 





*This is determined" by comparing the titer of an anti-globulin serum for the patient’s 
cells and Rh-positive cells maximally coated with Rho antibody. The ratio of the two titers 
multiplied by 100 gives the degree of coating in per cent. 


Table IV shows the results of the tests for Rh antibodies carried out on the serum of 
the mother and baby. These showed that the mother was strongly sensitized to the Rh, 
factor, the average of two tests giving titers of 20 units by the albumin-plasma conglutina- 
tion method, 52 units by the antiglobulin method, and 140 units for red cells treated with 
the proteolytic enzyme ficin. The titer of the free Rh antibodies in the baby’s serum was 
about half as high as that of the mother. Moreover, the direct antiglobulin test on the 
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baby’s cells was strongly positive, the degree of coating being high, namely, about 50 
per cent. These are the classical serologic findings of severe erythroblastosis fetalis, but, 
surprisingly, the baby appeared entirely normal. 

A complete blood count was made when the baby was 6 days old, and as shown in 
Table V, the findings were within normal limits and even the icterus index was relatively 
low for the baby’s age, namely, only 28 units. The mother was then discharged from the 
hospital with her infant and was instructed to report back to the office periodically. When 
seen again at 15 days of age, the child still appeared normal, but, as to be expected, there 
had been a drop in the blood count and hemoglobin concentration. Since the drop was 
small, the mother was instructed to return two weeks later with her baby. She failed 
to do so and as time passed, we became alarmed and finally called the police, who com- 
pelled her to bring the baby to the office. We were then relieved to find that the baby 
was still normal, with evidence of only a very mild anemia (Table V). When the baby 
was seen again at the age of 81 days, the blood count was again within normal limits. 


TABLE V. RESULTS OF BLoop CoUNTS ON UNTREATED ERYTHROBLASTOTIC BABY OF CASE 2 














Baby’s age 6 days 15 days 44 days 81 days 
R.B.C. (per cu. mm.) 5 200,000 4,080,000 3,770,000 4,700,000 
Hemoglobin (Gm. per cent) 16.3 12.3 9.8 13.6 
W.B.C. (per cu. mm.) 14,250 13,450 12,100 11,350 
Neutrophils 

segmented 24 34 52 25 

nonsegmented 2 10 4 3 
Lymphocytes 69 52 39 69 
Monocytes 4 2 3 3 
Eosinophils 1 2 2 0 
Nucleated R.B.C. 0 0 0 0 
Reticulocytes (per cent) ] ] 2 0.5 
Icterus index (units) 28 = — = 





2 


In previous studies'® ' it has been shown that there is a correlation be- 
tween the antenatal maternal Rh antibody titer and the frequency of still- 
births, as well as the severity of the manifestations in live-born erythroblastotic 
babies. That the correlation is not absolute is shown by the not infrequent 
occurrence of severely affected babies despite a low antibody titer in the 
mother, and of mildly affected babies despite a high antibody titer. The case 
described here is a rather unique example of the latter. A few similar cases 
have been reported in the literature, in which, however, the serologic and 
hematologic studies were incomplete.’* 1° The fact that some Rh-positive 
babies fail to develop any clinical manifestations of disease despite the presence 
of strong Rh sensitization indicates that while the Rh antibodies are the 
primary cause of the disease, other accessory agents in the infant’s own body 
probably play an important role in the pathogenesis. For example, the con- 
glutinin concentration and complement titer of the baby’s serum affect the 
‘ate at which the baby’s coated cells are destroyed, and probably also whether 
or not they will undergo intravascular clumping which blocks the eireula- 
tion and causes organic damage according to Wiener’s hypothesis.1°  Pre- 
sumably, a low conglutinin and complement titer or the presence of some other 
protective mechanism could permit the baby’s coated cells to circulate and 
function normally. Unfortunately, the available tests for conglutinin and 
complement concentration are not entirely satisfactory because of poor re- 
producibility. 
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The blood counts on the infant disclosed another mechanism which ap- 
parently was playing an important role in preventing the development of 
severe anemia. In most erythroblastotic infants, after the first week of life, 
there is an aregenerative phase with no reticulocytes on the smear, during 
which the blood count drops progressively, to reach its lowest point at the age 
of 4 to 6 weeks. In our patient, on the other hand, there was a continuous 
reticulocytosis of 1 to 2 per*cent, so that almost as quickly as coated or aged 
red cells were eliminated from the circulation, they were replaced by new 
cells. By this rapid turnover of red cells, the development of a severe anemia 
was prevented. 

When an Rh-negative baby is born of a sensitized Rh-negative mother, 
the titer of free antibodies in the baby’s serum at birth is always approxi- 
mately equal to that of the mother. When the baby is Rh positive, on the 
other hand, the Rh antibodies passing through the placenta into his cireula- 
tion antenatally are immediately bound to his red cells, and only after the 
red cell surface is saturated with antibodies, do free antibodies accumulate 
in the blood plasma. That explains why in the present case the baby’s titer 
was only half as high as that of the mother. Antibody tests were carried 
out periodically on the serum of the baby to determine how long the passively 
acquired Rh antibodies persisted in the serum. While it has been found that 
in Rh-negative babies, the half-life of the Rh antibodies passively aequired 
from the mother is about thirty-five days,’’ in our patient the antibodies were 
virtually completely eliminated by the time she was eighty-one days old. At 
the same time the direct antiglobulin test on the baby’s red cells became com- 
pletely negative (Table IV). This is readily explained by the protective 
mechanism deseribed previously, namely, the rapid turnover of red cells, so 
that almost as quickly as the coated cells were eliminated from the cireula- 
tion, new cells were released from the bone marrow to take their place. As 
the new cells absorbed the free Rh antibody and became coated, the titer of 
the baby’s serum rapidly fell. 

The mother stated that her first five children by her second husband all 
had developed an early jaundice that persisted for a week and then cleared 
without sequelae. We were inclined at first to discount this story, until in 
Mareh, 1955, when the baby was less than a year old, the mother again pre- 
sented herself at the hospital pregnant for the tenth time, and in labor at term. 
The Rh antibody titers were then about half as high as at the last examina- 
tion, and when again an Rh-positive baby boy was born, the quantitative 
direct. antiglobulin reaction though positive was correspondingly weaker. 
This new baby had no anemia but developed an early moderate jaundice that 
persisted for a week and then cleared without treatment. Thus, in this family 
there were apparently seven Rh-positive babies in suecession born to the 
sensitized Rh-negative mother, all of whom developed mild or subelinical 
erythroblastosis and recovered completely without treatment. This and con- 
trasting observations in other families make us feel that the accessory factor 
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or factors in the baby’s body which affect the severity of the manifestations in 
erythroblastosis are probably constitutional in nature. That sex is probably 
of little or no importance follows from the fact that three of the affected 
babies were boys while four were girls. The mother informed us that some 
of the babies had been nursed and others artificially fed, which would tend to 
exclude feeding as a factor. 

In conelusion, it is necessary to emphasize that the case just described 
is an exception to the general rule, and should not be taken as an argument to 
withhold treatment by exchange transfusion from erythroblastotie babies. 
Had this baby been seen early, she probably would have been treated, but 
this experience has not altered our determination to treat promptly every 
baby with marked serologic evidence of erythroblastosis, even in the absence 
of clinical manifestations of disease. As in treating acute appendicitis, it is 
certainly better to do an occasional ‘‘unnecessary’’ operation, than to delay 
treatment and risk the patient’s life. 


Case 3. Mild Erythroblastosis Fetalis, With Late Development of Severe Anemia.— 
In the last month of her third pregnancy, a patient was referred for study because she had 
been found to be Rh negative and sensitized to the Rh factor. There were two previous 
normal children, and grouping tests showed the patient to be A N rh, her husband A MN 
Rh,Rh,, and the two children both A MN Rh,rh. Antibody tests showed the patient to be 
mildly sensitized, with an Rh antibody titer of only 10 units by the antiglobulin method 
and 10 units for ficin-treated cells. At birth, the new baby also proved to be A MN Rhyrh. 
At that time the repeat antibody titration on the mother gave approximately the same re- 
sults as before, namely, only 6 units by the antiglobulin method and 8 units for enzyme- 
treated cells. The baby appeared perfectly normal and the blood count was within normal 
limits, but the quantitative direct anti-globulin test was positive, the degree of coating 
being approximately 25 per cent. When seen again at the age of 2 weeks the baby ap- 
peared normal except for pallor, and the hemoglobin at this time was only 9 Gm. per cent, 
the degree of coating being approximately 13 per cent. At the age of 4 weeks, the baby 
was brought back to the clinic with a hemoglobin of only 4.5 Gm. per cent. A single trans- 
fusion of 70 ml. of packed cells was given and recovery thereafter was uneventful. 


This case is presented in order to emphasize how important it is not to 
be too sanguine about the prognosis in seemingly mild or subclinical cases of 
erythroblastosis. As long as the baby’s red cells are coated, there is always 
the possibility of a late hemolytic anemia developing which may be fatal un- 
less the baby has had at least one transfusion of Rh-negative cells. To lose 
such a ease is inexcusable, since such cases respond so well to one or two 
transfusions of packed type rh cells. In a similar ease seen in 1951, a 23-day- 
old baby was rushed to the hospital in a moribund condition with a hemoglobin 
coneentration of only 2.2 Gm. per cent and a red blood cell count of 740,000 per 
cubic millimeter. An emergency transfusion of 100 ml. of whole citrated blood 
revived the baby and raised the hemoglobin concentration to 10 Gm. per cent. 
A second transfusion of 70 ml. of packed cells on the next day raised the 
hemoglobin concentration to 17 Gm. per cent, after which recovery was un- 
eventful. Similar dramatic reports can be found in earlier artieles.2 It was 
our experience with such cases that caused our great concern in following up 
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the infant in Case 2, and that is why we sent a policeman to the patient’s 
house when the mother failed to bring the baby to the office at the appointed 
time. 

A more serious sign in seemingly subclinical cases of erythroblastosis is 
early jaundice. Simple transfusion therapy is not the answer in these eases, 
since the hemoglobin concentration may remain high, but as the jaundice 
deepens brain involvement may occur, and the infants may die with ker- 
nicterus, or if they survive may exhibit neurological sequelae. Such a case 
has been discussed in detail in a previous paper,!® and the only solution for 
this problem is prevention by performing an exchange transfusion as soon as 
possible after birth in all erythroblastotiec babies exhibiting jaundice. 

CasE 4. Lrythroblastosis Fetalis With Severe Anemia, But no Jaundice, Treated by 
Transfusion of Whole Citrated Maternal Blood—The patient was a baby girl referred for 
treatment of severe anemia at the age of 5 weeks. This baby was the result of her mother’s 
fourth pregnancy. The first pregnancy had terminated as a full-term, normal delivery of a 
male infant, who showed no neonatal jaundice or anemia, and was now 11 years old and well. 
The second pregnancy terminated as a 6-month miscarriage. The third pregnancy, two years 
previously, was complicated by toxemia, and resulted in a stillborn female infant. Our pa- 
tient was born at term, on July 23, 1949. 

According to the history sent by the referring physician, four days after birth, the baby 
was observed to be pale but not jaundiced. The blood count showed a hemoglobin concentra- 
tion of 4.5 Gm. per 100 ml, with 2 million red cells per cubic millimeter and frequent 
nucleated red cells on the smear. The baby was given 25 ml. of the mother’s blood intra- 
muscularly, followed two days later by a second intramuscular injection of 30 ml. of the 
mother’s blood into the buttocks, and finally, five days later, 30 ml. of the father’s blood 
was injected into the buttocks. In spite of this inadequate treatment, the blood count 
remained unchanged, probably because of the high activity of the bone marrow, as shown 
by the high normoblast and reticulocyte count. Then at the age of 2 weeks the baby was 
observed to be edematous, and was given 60 ml. of the mother’s whole citrated blood in- 
travenously. Despite this transfusion and a second such transfusion three days later, the 
hemoglobin concentration failed to rise, but remained at about 4.5 to 5 Gm. per cent with 
2.3 million red cells per cubic millimeter. The patient was then referred to one of us 
(A. 8. W.) at the age of 5 weeks for study and treatment. 

A blood count confirmed the presence of a moderately severe anemia, with 
a hemoglobin concentration of 6.2 Gm. per cent, red blood cells 2.1 million per 
cubie millimeter, white blood cells 6,300 per cubie millimeter; polys 32; lym- 
phocytes 54; monocytes 5; eosinophils 11; reticulocytes 10 per cent, with 5 
normoblasts per 100 white blood cells on smear. Grouping tests showed that 
the baby’s mother belonged to group B N rh, the father was O MN Rh,rh, 
while the first child, the brother of the patient, was O MN Rh,rh. The baby’s 
blood typed as B N rh; this obviously was not her correct blood type, but 
represented the blood cells she had received from her mother by transfusion. 
(Later the baby’s true type was determined to be B N Rhyrh.) Apparently, 
Practically all the baby’s own cells had been eliminated from her circulation, 
the only cells remaining being those received by transfusion from her mother, 
and these were keeping the baby alive. The high reticulocyte count which we 
found had apparently been present from birth. In fact, it was probably be- 
cause of this high reticulocyte count that the baby had been able to survive 
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for two weeks, until the transfusion of mother’s blood was finally given. As 
in the previous case, the marrow, by releasing new red cells almost as quickly 
as the baby’s coated ceils were destroyed, was able to maintain the hemoglobin 
concentration at a level compatible with life. In this case, however, the 
hemolysis was more rapid than the regeneration of new blood cells, because 
the hemoglobin fell to 4.5 Gm. per cent, and death would probably have re- 
sulted had blood transfusion been delayed much longer. 

The baby was treated by us with a simple transfusion of 65. ml. of packed 
cells from a group B type rh donor. Following this the hemoglobin concentra- 
tion rose to 10.6 Gm. per cent with 3.6 million red blood cells, and the reticulo- 
eytes and normoblasts disappeared from the smear. The baby’s subsequent 
course was uneventful, and there were no neurological sequelae. 

Of particular interest were the results of the Rh antibody titrations. The 
mother proved to be very strongly sensitized to the Rh factor, the titer being 
8 units by the blocking method, and 256 units by the albumin-plasma con- 
elutination method. Certain other workers have claimed, based on inadequate 
and poorly controlled experiments, that Rh antigen is present not only in red 
cells but also in brain cells and other organ cells, and that neurological damage 
is due to the combination of Rh antibody with antigen in the brain eells. If 
these workers were correct, then in our ease the transfusion of maternal blood 
containing such a high titer of antibodies should have aggravated the disease 
instead of saving the baby’s life. We do not consider that Rh antigen has 
been demonstrated to exist outside the red cells, and we believe that the 
damage in erythroblastosis fetalis can be traced entirely to the baby’s coated 
red cells. Our own explanation is that in the present case the baby’s red cells 
were already maximally coated with Rh antibodies, so that any additional 
antibodies introduced by tranfusion (i.e., transfusion of maternal whole blood) 
could not aggravate the situation except, perhaps, to inerease slightly the 
titer of free Rh antibodies in the baby’s serum. Because, presumably, of the 
deficiency of conglutinin in the baby’s serum, intravascular clumping did not 
occur, and instead the baby’s red cells were destroyed, but the hemolytic 
process terminated when the mother’s type rh cells were transfused since these 
could not react with Rh antibodies. 

Interestingly, when the baby was first seen by us, the icterus index was 
only 4 units, and there were no free RH antibodies in the serum, although the 
titer must have been quite high originally, and more antibodies had been in- 
troduced during the transfusion of maternal blood. In this case, judging from 
the very high reticulocyte count at the age of 5 weeks when we first saw the 
baby, there must have been an even more rapid turnover of red cells than in 
Case 2. Presumably, the newly formed red cells absorbed the free Rh anti- 
bodies from the baby’s serum and then were destroved and eliminated. 

In conclusion, it may be mentioned that in previous papers,'® !’ it has 
heen pointed out that the mother’s washed red cells are always compatible for 
transfusing an erythroblastotic baby, regardless of what factor or factors are 
involved in the isosensitization. Based on the case just described and other 














Number 5 


Volume 46 MANAGEMENT OF ERYTHROBLASTOSIS FETALIS. IT 767 


similar observations, we see no objection to the use of the mother’s whole 
citrated blood, in emergencies when compatible bank blood or donors are 
not available, for treating such babies either by simple transfusion or by ex- 
change transfusion. On the other hand, transfusion of paternal blood or other 
blood having the blood factor responsible for the sensitization may aggravate 
the disease, unless the titer and avidity of the free Rh antibodies in the baby’s 
body are low.”° 


CasE 5. Severe Lrythroblastosis Fetalis in a 4-Pound Premature Baby, Treated Suc- 
cessfully by Exchange Transfusion.—One of us (G. J. B.) was called to see a 4-pound pre- 
mature newborn girl because of severe anemia. The baby also had a large cephalhematoma 
and was edematous and cyanotic. A blood count at 2 hours of age showed a hemoglobin con- 
centration of only 4.5 Gm. per cent; red blood cells 820,000 per cubic millimeter; white blood 
cells (corrected) 20,000 per cubic millimeter, with polys 58 (16 stabs), lymphocytes 30; mono- 
cytes 4; and eosinophils 8. The smear revealed 140 normoblasts per 100 white blood cells. As 
an emergency procedure, the baby was given a transfusion of 60 ml. of sedimented group O 
type rh cells. Thirty minutes was consumed for the actual administration of this blood. The 
condition of the baby improved rapidly and an exchange transfusion with 250 ml. of partially 
concentrated 3-day-old bank blood was carried out three hours later, by the technique 
described in detail elsewhere.19 The baby, who appeared moribund when first seen, then 
showed still further improvement. 

The following history was then elicited. The erythroblastotic baby was the second 
child in the family. The mother had received a number of transfusions in her childhood, 
following operations for paralytic complications of poliomyelitis. The first baby was a 
male infant, born one week before term, who weighed only 5 pounds, 13 ounces. This 
baby was very pale, as our patient was, and lived about 4 hours. The new baby girl was 
likewise premature, by twenty-three days. 

Grouping tests showed the father to be A,B MN Rh,rh, the mother A, MN rh, while 
the erythroblastotic baby’s type was O MN Rh,rh. (The incidental discovery by the 
A-B-O tests that the pater familiae was not the father of the patient has, of course, been 
kept secret from the family.) The titer of the Rh antibodies in the mother’s serum was 
64 units by the albumin-plasma conglutination method, 40 units by the anti-globulin 
method, and 44 units by the enzyme-treated cells method. There were practically no free 
Rh antibodies in the baby’s serum. The icterus index of the sample of blood drawn from 
the baby at the beginning of the exchange transfusion was 70 units, and at the end of 
the exchange transfusion the icterus index was still as high as 60 units. The quantitative 
direct antiglobulin test on the baby’s red cells before the exchange transfusion showed ap- 
proximately 50 per cent of maximal coating, despite the interference of the Rh-negative 
cells received in the packed cell transfusion. 

The day following the exchange transfusion, the baby’s blood count was as follows: 
hemoglobin concentration 20 Gm. per cent; red blood cells 5.6 million per cubie millimeter; 
with 76 normoblasts per 100 white blood cells on the smear. The baby became deeply 
jaundiced, and since the erythroblastemia was counteracting the effect of the exchange 
transfusion, a second exchange transfusion was carried out when the baby was 48 hours 
old, this time with 360 ml. of partially concentrated 2-day-old bank blood. Following this 
the baby improved markedly, so that at the age of 4 days she could be discharged and 
transferred to an institution specializing in the treatment of premature babies. From 
this institution, it was reported that the edema persisted until the baby was about 12 days 
old, at which time the baby weighed only 3 pounds, 8 ounces. The icterus index at the 
age of 5 days was only 50 units and this dropped to 11 units by the time the baby was 1 
month old. The hemoglobin concentration decreased gradually to a low of 8.5°Gm. per 
cent at the age of 1 month, but the baby required no further transfusion therapy. When 
seen again at the office at the age of 7 weeks, the baby weighed about 5 pounds, 8 ounces 
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and appeared to be in good condition except for moderate pallor. The baby was last seen 
at the age of 4 months, when she weighed 10 pounds, held her head up well and was mak 
ing satisfactory progress. 

This case demonstrates the importanee of prompt and energetic treat- 
ment in severe cases of erythroblastosis. The fact that a baby is very small 
and apparently moribund should not discourage one from undertaking treat- 
ment, provided the baby is seen early before irreversible damage has been 
done to the brain. Had this baby not been treated promptly, there is little 
doubt that she would have died within a few hours, as the preceding baby 
did. The emergency transfusion of packed cells served to keep the infant 
alive, until arrangements could be made for the exchange transfusion. The 
second exchange transfusion was necessary to remove red cells newly released 
from the bone marrow, as indicated by the high erythroblast count. 

Walker and Neligan*! have recently reported their experience in the 
treatment of erythroblastosis fetalis by exchange transfusion. Aside from the 
difference in operative technique, it is of interest to note the close similarity 
between their method of managing the disease and our own; this is paralleled 
by the similarity in results, namely, a mortality of less than 5 per cent in the 
most recent series of treated cases. Like us, Walker and Neligan have found 
that it is unnecessary and even inadvisable to carry out the exchange trans- 
fusion immediately after birth. The bady should be allowed to recover from 


birth shock; the optimum time for the exchange transfusion in our experi- 
ence appears to be two to eight hours after birth. In the emergencies which 
arise when the baby is born with extreme anemia, a simple transfusion of 
packed cells should be given at birth, sufficient to tide the baby over for a few 
hours until the exchange transfusion can be carried out. 


SUMMARY AND CONCLUSIONS 


1. A ease is described in which a group O woman with a moderately elevated 
titer of isoantibodies for A and B cells had two group O and two group A 
babies. In the cord blood of one of the group O babies tested, the titer of the 
isoantibodies was negligible by the saline method, but comparable to the ma- 
ternal titers by the acacia method both for A and B cells. With the sera of 
the group A babies not only was there no or little reactivity for A cells, but 
also no reactivity for B cells. This demonstrates that the placenta-passing 
antibody reacting with B cells was not anti-B but anti-C. Both group A 
babies exhibited mild or subclinical evidence of erythroblastosis, further sup- 
porting the thesis that C antibody is the principal cause of A-B-O hemolytic 
disease. 

2. A ease is described in which an Rh-positive baby showed no clinical 
evidence of disease, even though her Rh-negative mother was strongly sen- 
sitized to the Rh factor. The baby had a strong direct antiglobulin reaction 
with a moderately high titer of free antibodies in the serum, yet developed no 
anemia and only a very mild evanescent jaundice. Free antibodies disap- 
peared from the baby’s serum and the direct antiglobulin test became negative 
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within 80 days; this could be ascribed to a rapid turnover of red cells, new 
cells being released from the marrow as rapidly as coated cells were eliminated 
from the circulation. In this family there were 7 children, 3 boys and 4 girls, 
all of whom apparently had subclinical erythroblastosis, as manifested by neo- 
natal jaundice lasting one week; all recovered spontaneously without treat- 
ment. The occurrence of mild disease in 7 successive children despite a high 
titer of Rh antibodies in the maternal serum supports the thesis that there are 
accessory factors in the baby’s own body, constitutional in nature, which af- 
fect the severity of the disease. Thus, contrasting families have also been ob- 
served in which all the babies were severely affected, despite a low titer of 
Rh antibodies in the mother’s serum. Such exceptional families, however, do 
not affect the firmly established fact that, in general, there is a correlation 
between antibody titer and severity. 

3. In erythroblastotie babies born with a normal blood count and a very 
weakly positive or negative direct antiglobulin reaction, one may elect to re- 
sort to expectant treatment. Most such babies will show no signs of disease 
or at the most only subclinical evidence of disease. One must bear in mind, 
however, that the course of the disease in each individual ease is unpredictable, 
and that the appearance of jaundice on the first or second day of life is evi- 
dence that the coated red cells are causing disease and therefore is an indi- 
cation for an immediate exchange transfusion in order to prevent permanent 
damage to the basal nuelei of the brain. In infants who show no jaundice, 
there still remains the possibility of an insidious hemolytic anemia, which may 
become so extreme by the second or third week of life as to cause death. 
Therefore, no erythroblastotic baby is entirely safe until he has had at least 
one transfusion of compatible Rh-negative blood, unless he is closely observed 
during the first month of life. A case is deseribed which illustrates the late 
development of an extreme hemolytic anemia in a baby treated expectantly. 

4. A ease is described in which an erythroblastotic baby was treated by 
transfusion of the mother’s whole citrated blood with ultimate complete re- 
covery. This confirms the recommendation that, in emergencies, when non- 
sensitized Rh-negative donors are not available, the mother’s blood may be 
used for treating an erythroblastotic baby. These observations provide fur- 
ther evidence refuting the idea that brain damage in erythroblastosis is caused 
hy direct combination of Rh antibody with Rh antigen in the brain cells. 
Actually, there is no valid evidence for the presence of Rh antigen outside 
the red cells, and the encephalopathy of erythroblastosis appears to be due 
instead to vascular damage resulting from conglutination of the coated red 
cells blocking the cireulation of the terminal blood vessels to the basal nuclei 
of the brain. Also, the beneficial effect of exchange transfusion is not due to 
the removal of Rh antibody, but to the removal of coated red cells and the 
disruption of the anitgen-antibody combination within the blood vessels. The 
introduction of additional maternal Rh antibody does not aggravate the dis- 
‘ase so long as the baby’s cells are already maximally coated, while the simul- 
taneous introduction of the mother’s red cells, which do not react, of course, 
with her own antibodies, causes the disease process to abate. 
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5). A premature 4-pound erythroblastotic infant with extreme anemia and 
apparently moribund at birth was treated, as an emergency method, with a 
transfusion of sedimented group O, type rh cells. Several hours later an ex- 
change transfusion was carried out, and in view of a persisting deep jaundice 
and high erythroblast count, a second exchange transfusion was given about 
forty-eight hours later. Thereafter, complete recovery took place, although 
a preceding untreated baby with similar findings had died within four hours 
after birth. It is emphasized that high erythroblastemia appears to be a more 
important and more rational indication for repeating the exchange trans- 
fusion than jaundice, and we have never found it necessary to do more than 
two exchange transfusions; nor is there any valid theoretical basis for doing 
more than two exchange transfusions, since the chief purpose of the operation 
is to remove the baby’s coated red cells. Since jaundice occurs whenever 
babies are severely affected, and the occurrence of kernicterus is correlated 
with an early, rapidly increasing deep jaundice, jaundice serves as a danger 
signal, like high fever in infection. Exchange transfusion is no more effec- 
tive in controlling jaundice than sponging is in controlling fever, so that the 
beneficial results of exchange transfusion must be ascribed entirely to the re- 
moval of coated red cells, thus preventing intravascular conglutination, and 
not to its evanescent slight effect in lowering the serum bilirubin concentration. 
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LABORATORY METHODS 


COMPARATIVE STUDIES IN QUANTITATIVE FILTER PAPER 
ELECTROPHORESIS 
JoHN R. WausH, M.D., Frep L. HumMouuer, Px.D., ArtHuR L. DuNN, PH.D. 
OmaAHA, NEB. 


INTRODUCTION 


"hago or filter paper electrophoresis for fractionation and estimation of pro- 
tein in biologie fluids provides a simple and inexpensive procedure which 
is as satisfactory for clinical purposes as is the classical free solution electro- 
phoretic method of Tiselius. Satisfactory results have been reported using the 
ridgepole,’ ? the horizontal strip,* * and the sandwich type of apparatus.” ° 
However, the quantitative evaluation of the individual fractions is a problem 
whieh still confronts investigators. Different dyes have been used, such as 
bromphenol blue (BPB),°»* azocarmine (AC),*'° amino black 10B (AB),° 
solvay purple,’ Ponceau 2 R,” ete., and even mixtures of dyes’? have been pro- 
posed. Various methods for evaluating the amount of dye bound by each pro- 
tein fraction have been reported. Some investigators have accomplished this by 
the rather tedious process of cutting the stained pattern into 5 mm. segments, 
eluting the dye present in each segment and plotting the relative absorbances 
to obtain a curve similar in shape to that obtained by the classical Tiselius 
method of free solution electrophoresis.° Planimetry of such curves can be ex- 
pected to give a measure of the relative amount of dye bound in each fraction. 
A simplification of the above method has been proposed,* * ** ™ in which the 
stained paper strip is cut into segments corresponding to the individual frac- 
tion of the serum or body fluid. The dye in these segments is then eluted and 
estimated colorimetrically to obtain the relative amounts of dye in each fraction. 
A third method which has been proposed depends upon the direct densitometry 
of the stained strip with® or without’® rendering it translucent with a bromo- 
naphthalene-paraffin solution or with methyl salicylate. The literature con- 
tains, however, few studies in which the merits of the various dyes and/or the 
different methods of quantitating the amount of dye bound by each protein 
fraction have been compared. The present investigation is an evaluation un- 
der comparable conditions of various factors which may influence the quantita- 
tive estimation of filter paper electrophoretic patterns. , 
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Administration Hospital, Omaha, Neb. 
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METHODS 


Whatman No. 1 filter paper strips, 1 inch wide, were used throughout this study since 
preliminary studies indicated its suitability for the purpose. Zone electrophoresis was carried 
out interchangeably in two horizontal strip type of apparatus, similar to that described by 
MecDonald.4 However, all determinations were carried out at room temperature and no 
attempt was made to control the temperature. A Beckman Model DU spectrophotometer was 
used to measure the absorbance of eluted dyes. In direct densitometry a Welsh ‘‘ Densichron’’ 
was used to evaluate the dye deposited on the filter paper without rendering the strips 
translucent. The instrument advanced the strip past a circular 3 mm. aperture in 3 mm. 
increments. A tungsten light source was used without filter. The relative densities were 
plotted on linear graph paper and the area under the curve determined by planimetry. From 
the values thus obtained the percentage distribution of the dye was calculated. 

In all work reported here, a 0.05 M veronal buffer of pH 8.6 was used. The paper 
strips (15 inches long between anodal and cathodal buffer vessels) were moistened with 
this buffer, stretched taut and allowed to equilibrate in the apparatus for one-half to one 
hour with the current turned on. The protein solution (8 wl of serum) was then spotted on 
the strip at a point about 4 inches from the cathodal buffer. Electrophoresis was allowed 
to proceed for about 18 hours (overnight), after which strips were dried at room temperature 
and stained in the following manner unless otherwise noted: 

Bromphenol Blue (BPB).—The strips were immersed for 20 minutes in a 1 per cent 
solution of BPB in 95 per cent ethanol saturated with mercuric chloride, washed in four 
changes of 0.5 per cent aqueous acetic acid (pH3) for 10 minutes each, and allowed to dry 
at room temperature. The protein fractions appear as greenish spots on a white background. 

Amino Black 10B (AB).—The staining method of Grassmann and Hannig? was fol- 
lowed. 

Azocarmine (AC).—The technique of Korver? was followed. 

Solvay Purple (SP).—The strips were stained and washed according to the method of 
Quastel and Van Straten.11 

In the elution studies the strips were cut into segments representing the 5 different 
protein fractions of serum and the dyes eluted with alkali, using 0.1 per cent sodium 
carbonate for BPB and SP, while 0.1 N sodium hydroxide was used for AC and AB. The 
amount of the eluted dye was determined spectrophotometrically, using the following wave 
lengths: 590 my for BPB, 585 mw for SP, 5380 my» for AC, and 625 my for AB. From the 
amount of dye deposited in each spot the percentage of the dye distribution for each fraction 
was calculated. The amount of protein present in the sera used was determined by the 
micro-Kjeldahl method of Ma and Zuazaga.16 


TABLE I. ELECTROPHORETIC SEPARATION AND ESTIMATION OF SERUM PROTEIN FRACTIONS 


“PRACTIONS | #1 | #2 | #3 | #4 | 











AVE. 
Albumin 57.7 58.0 57.5 56.3 D7 .4 
a,-globulin 4.2 3.4 Set 4.2 3.9 
a,-globulin 6.4 6.4 6.6 6.7 6.5 
6-globulin 12.3 12.7 12.6 13.0 12.7 
y-globulin 19.4 19.5 19.7 19.8 19.6 





Results are expressed as percentage of total serum protein. Four strips were spotted 
tin with 8 wl of the same serum. Electrophoresis time 18 hours. Stained with bromphenol 
piue, 


RESULTS 
In Table I are listed the results which were obtained in an experiment de- 
signed to test the reproducibility of the method used in this study. Using our 
standard procedure as outlined under methods, four 8 pl aliquots of the same 
serum were carried through the electrophoretic and staining procedure. The 


amount of dye corresponding to each protein fraction was then determined by 
the elution procedure. It can be seen from Table I that the precision obtained 
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under these conditions is satisfactory for clinical purposes, but, of course, it 
gives no clue as to the accuracy of the method. Other investigators have re- 
ported a similar degree of reproducibility of results." ' 

In order to determine if the dye uptake is proportional to protein concen- 
tration, increasing amounts of purified human serum albumin, each dissolved 
in a volume of 8 yl, were applied to filter paper strips. Without submitting 
them to electrophoresis they were dried at room temperature and then stained. 
The amount of dye bound by the protein was determined spectrophotometriecally. 
In Fig. 1 each point of each curve represents the average value obtained in 
six determinations. It can be seen that there is a direct relationship between 
the amount of protein and the amount of dye bound. However, with higher 
protein concentrations this linear response does not hold with BPB. This latter 
observation cannot be attributed to a failure of Beer’s law, since the actual 
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Fig. 1.—Dye binding capacity of human serum albumin, using bromphenol blue (BPB), amino 
black 10B (AB), solvay purple (SB) and azocarmine (AC). 


absorbances of the solutions were in the range where this law applies rigidly. 
In this experiment the different amounts of protein were all dissolved in identi- 
cal volumes of solution and, therefore, covered approximately the same area 
of the filter paper strip. The thickness of the protein deposit was therefore 
about four times as great in the highest concentration as it was in the lowest. 

One possible explanation for the failure of BPB to show a linear response 
with the high concentration of protein might be that this dye cannot penetrate 
a thick deposit of protein as readily as the other dyes tried. Increasing the 
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time of staining might, therefore, augment dye uptake. This assumption gained 
support from reports of Flynn and De Mayo! and Mackay and associates,'* who 
found that dye uptake increases with time of staining. A further investigation 
of the problem was therefore undertaken by applying 4 yl aliquots of 4.0 per 
cent human serum albumin to each of 48 strips of filter paper. They were 
stained with BPB in four groups of twelve strips for 5, 10, 20, and 40 minutes, 
respectively, and washed rapidly and thoroughly in several changes of acetic 
acid of pH 3.0. After drying, the dye in each strip was eluted and measured 
spectrophotometrically. The average relative absorbance x 10° and the standard 
error for the four groups were: 349 + 8, 412 + 8, 412 + 9, 415 + 6, for the 5, 
10, 20, and 40 minute staining periods respectively. These results indicate that, 
under the conditions of this experiment, increasing the length of the staining 
period beyond a minimum does not affeet the amount of dve bound by the pro- 
tein. 

BPB is the dye of choice of many investigators in this country. While 
most of them have used an aleoholic solution of BPB containing mercuric 
chloride for staining, various washing procedures have been advocated, such as 
washing in alcohol,’ in aqueous buffer solution,’ or even in tap water.'® Since 
the protein-BPB complex is so readily dissociated, it would seem that the wash- 
ing process of the stained filter strips could play a significant role in the ae- 
curacy of the final results. To determine its magnitude 4 pul aliquots of 4.0 
per cent human serum albumin were applied each to 18 strips of filter paper. 
In the same manner 8 pl aliquots of 2.0 per cent human gamma globulin, pre- 
pared by salt fractionation, were applied to another series of 18 strips and all 
strips dried at room temperature. They were stained simultaneously in BPB for 
20 minutes and each series was divided into three groups. One group was 
washed for 10 minutes in four changes of dilute sulfurie acid of pH 1.0, an- 
other group was washed for 10 minutes in a similar manner in 0.5 per cent 
aqueous acetic acid, pH 3.0, the third group was similarly washed in dilute 
acetate buffer, 0.05 M., pH 5.0. After drying at room temperature the dye de- 
posited was eluted in 25 ml. of 0.1 per cent sodium carbonate and its conecen- 
tration measured spectrophotometriecally. 


TABLE II. Errect oF PH ON AMOUNT OF BROMPHENOL BLUE BOUND BY PROTEIN 

















MG DYE BOUND PER MG. PROTEIN AVER. RATIO (GLOBULIN 
pH ALBUMIN | Y-GLOBULIN CORRECTION FACTOR) 
1.0 0.64 0.38 

0.58 0.39 1.59 
3.0 0.62 0.41 

0.59 0.39 1.51 
5.0 0.838 0.13 

0.29 0.138 2.39 











The results obtained are listed in Table II. They show that little or no 
change in the dye uptake oceurs by varying the acidity of the wash solution 
from pH 1 to pH 3. On the other hand, decreasing the acidity of wash solu- 
tion to pH 5.0 causes profound changes in the dye uptake of the two proteins 
studied. In the case of albumin the dye uptake is reduced to about one-half 
at pH 5, and gamma globulin binds only about one-third as much BPB at the 
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higher pH as it does at the lower value. Thus, not only the absolute dye up- 
take is altered, but also the relative amount of BPB fixed by the two proteins. 
This relative dye uptake corresponds to the globulin correction factor or dye 
index advocated by some investigators.2°?? The present study shows rather 
strikingly that with BPB the globulin correction factor is not a fixed property 
but ean readily be modified by varying the acidity of the wash solution, and, 
hence, is of questionable value. The results also emphasize that with BPB con- 
trol of pH of the wash solution is essential if reproducible results are desired. 

Since it was shown that a wash solution of pH 3.0 gave satisfactory results 
for clinical purposes when BPB was used, studies were undertaken to compare 
the values obtained by this method with those obtained by staining with AB 
and AC. If comparable results could be obtained with three different dyes 
and staining procedures, it would indicate that nonspecific adsorption of dyes 
under conditions of filter paper electrophoresis can only play a minor role, 
as compared to definite chemical reactions between the proteins and the dyes. 
To carry out this study, a normal, a cirrhotic, and a myelomatous serum each 
was applied in 8 pl quantities to a number of strips. Electrophoretic separa- 
tion was carried out under identical conditions. Strips of each serum sample 
were stained with BPB, AB, and AC, using the procedures outlined under 
‘‘Methods.’’ The individual patterns were first evaluated by direct densitometry 
and then by the elution technique. In order to conserve space only the average 
values are listed in Table ITI. 

The striking feature brought out by Table IIT is the relatively close agree- 
ment of the values obtained by the use of the three different dyes so long as 
the same method for measuring the dye concentration is used. Thus taking 
the albumin values obtained by direct densitometry as an example, the maximum 
variation from the mean found for each serum is about 5 per cent. When the 
dye deposits are evaluated by the elution technique the agreement is of similar 
magnitude. In the ease of the globulin values, as determined by either method, 
the percentage variations are somewhat larger, due probably to greater dif- 
ficulty in making a sharp separation between the individual fractions, either 
by cutting the filter paper strip in the elution method or by dropping the separa- 
tion lines on the plotted graph of density values. These results suggest, there- 
fore, that all three dyes react to the same extent with the same groups of pro- 
teins, and if the conditions of staining outlined under ‘‘Methods’’ are adhered 
to, the three dyes ean be used interchangeably. This finding does not agree 
with the reports of some investigators,” *° who have suggested that in the case 
of AC no globulin correction factor is needed. 

A lack of agreement between results obtained by the elution technique and 
by direct densitometry can be seen in Table III. <A similar observation has 
been noticed by previous investigators.** ** In the ease of the elution technique, 
no matter how dense the dye deposit may be, it can be dissolved in a suitable 
volume so that its concentration is measured under conditions to which Beer’s 
law applies. In the ease of direct densitometry, on the other hand, one must 
assume that the instrument will give a linear response to the amount of dye 
present, even in the very dense regions of the albumin fractions. 
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To test this assumption, the experiment summarized in Fig. 2 was per- 
formed. Human serum albumin solutions containing 0.2, 0.4, 0.8, 1.6 Gm. 
of albumin per 100 ml. were prepared. Filter paper strips were then saturated 
with these solutions, using 9 strips for each concentration. The strips were 
blotted to remove excess solution and then dried. Three strips of each group 
were then stained with BPB, AB, and AC, respectively. The concentration 
of the dye on the strips was then evaluated by means of direct densitometry, 
and 20 readings were taken on each strip. The average of the 60 readings for 
each group are plotted in Fig. 2. It can be seen from this figure that the in- 
strument used gave a linear response with a calibrated gray scale even in the 
higher density ranges. With the stained filter paper strips, however, a linear 
response could be obtained only in the lower density ranges. At higher values 
the relation to increasing protein concentration is no longer linear. This is 
particularly true when AC is used to stain the strips. These findings are of 
practical importance since under conditions of filter paper electrophoresis of 
sera, using 8 yl samples, relative optical densities greater than 1.00 are the 
rule for the albumin fraction, but the exception for the globulin fractions. 
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Fig. 2.—Direct densitometric determination of dye bound by albumin at various concen- 
trations. Curve 1, AB acid methanol wash, followed by 5 per cent aqueous phenol wash. 
Curve 2, BPB pH 3 wash. Curve 3, AB acid methanol wash alone. Curve 4, AC. Curve 9, 
Calibrated gray scale. 





COMMENTS 


The results of the present study show that the precision of this method is 
quite satisfactory for clinical purposes (Table I) but considerable caution must 
be employed in interpreting the results obtained, since several factors can in- 
fluence the accuracy of the results. Thus the linearity of the dye uptake fails 
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if the concentration of protein in a given area becomes too great (Fig. 1). In 
this laboratory the effects of this deviation are reduced by applying the serum 
in the form of a spot rather than a thin streak, by using a buffer of relatively 
low ionie streneth (0.05 M), and by using a relatively low current density (0.3 
to 0.5 Ma. per strip; 1 inch wide). 

The results listed in Table II show rather strikingly that the differential 
BPB uptake of albumin and gamma globulin is readily altered by a change in 
the wash solution. The implication of this observation is of considerable im- 
portance in the quantitative evaluation of filter paper patterns, for in order to 
obtain reproducible results with BPB, it is essential that the pH of the wash 
solution must be controlled. In the ease of the other dyes used in this study 
the wash solution is so strongly acid (5 to 10 per cent acetic acid) that small 
changes in the acidity of the wash solution appear to have no effect upon the 
dve uptake. 

At the present time two methods are in common use for the quantitative 
evaluation of filter paper electrophoretic patterns, the dye elution method and 
the direct densitometry of the filter paper strips. It has been suggested** that 
these two methods may not necessarily measure the same factors, and in order 
to make the results obtained by these two methods approximate those of free solu- 
tion electrophoresis it is necessary to multiply the values obtained by the elu- 
tion method by a globulin correction factor. No such correction factor is re- 
quired when the strips were evaluated by direct densitometry. The present 
investigation (Table III, Fig 2) suggests that this paradoxical situation may 
be due to errors introduced when areas of heavy dye deposits are measured by 
means of a densitometer. Evaluation of filter paper patterns by direct densi- 
tometry is therefore subject to errors which are absent in the dye elution 
method. It would seem, therefore, that at the present time the elution method 
is more suitable for the quantitative determination of the dye distribution in 
filter paper electrophoretic patterns than is direct densitometry, even though 
the former may be somewhat more tedious. In this laboratory both methods are 
used to evaluate electrophoretic patterns routinely, the elution method for the 
quantitative determination of dye distribution, and direct densitometry for its 
qualitative evaluation, since the configuration of the curve obtained in the latter 
method often gives valuable information for clinical purposes. At the present 
time it would not be justifiable to apply a single correction factor to all glob- 
ulins of all sera since such a correetion may vary for different globulin fractions 
of pathologie sera and, also, can readily be modified by simple changes in the 
procedure. It would seem more advisable at the present state of our knowledge 
to express the results obtained by clinical filter paper electrophoresis in terms 
of percentage dye distribution, which can be measured with a considerable de- 
gree of precision, rather than in terms of percentage protein distribution, which 
at the present time cannot be directly derived from the dye uptake. 


SUMMARY 


Reproducible results can be obtained by filter paper electrophoresis under 
controlled conditions. With the dye used in this study the uptake is propor- 
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tional to the amount of protein deposited on the filter paper within certain 
limits of protein concentration. In the ease of BPB the pH of the wash solution 
must be controlled and should be pH 3 or less. Closely agreeing results were 
obtained when filter paper strips of different sera were stained with three differ- 
ent dyes so long as the same method for estimation of the dye concentrated 
was used. Direct densitometry of filter paper strips, while highly desirable 
for the detection of paraproteinemias, docs not lend itself as readily for quan- 
titative studies as does the elution method. It is suggested that results obtained 
in quantitative paper electrophoresis be expressed in terms of percentage dye 
distribution rather than in terms of percentage protein distribution. 
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A MODIFICATION OF OTTESEN’S METHOD FOR THE SEPARATION 
OF GRANULOCYTES FROM LYMPHOCYTES 


DanieEL L. Kune, Px.D. 
NEw HAVEN, CONN. 


WitH THE TECHNICAL ASSISTANCE OF ANNA M. PANACCIONE 


TTESEN!' has recently presented an ingenious method for the separation 
O of lymphoeytes from granulocytes. This is a two-step procedure involving 
centrifugation and then sedimentation in a concentration gradient tube. The 
manipulations involved in the sedimentation step are difficult to reproduce in 
a routine manner, and there is a considerable loss of cells in the process. The 
purpose of this communication is to present a simple modification of Ottesen’s 
method which eliminates the need for the concentration gradient tube and 
makes available a relatively rapid, reproducible method for obtaining granu- 
loeytes and lymphocytes from whole blood. 


MATERIALS AND METHODS 


Plastic cylinders with internal air pockets and a central capillary were manufactured* 
for us according to the specifications of Ottesen.1 The specific gravity of these Lucite swim- 
mers must be 1.052. 


Test tubes. Thick-walled, Pyrex, 16 mm. I.D. 

Heparin. Liquaemin, a commercial preparation obtained from Organon, Inc., 
Orange, N. J. 

Diluting Solution. 7 Gm. sodium oxalate, 1.9 Gm. sodium citrate - 2 H,O, 
and 9 Gm. sodium chloride dissolved in 1 L. water. 

Saponin Solution. 0.15 per cent saponin in 0.9 per cent NaCl. 

Fibrinogen Solution. 4.2 per cent (Armour’s bovine Fraction I) in saline. 
The fibrinogen was dissolved at 37° C. and then chilled to 4° C. 


Procedure.—Blood, 50 ml. in our experiments, is collected in a chilled glass syringe 
containing 1 to 2 ml. of heparin and is quickly transferred to a tube which contains an 
additional small amount of heparin and which has been set into a beaker of cracked ice. 
The sample is immediately transferred to the cold room (3 to 5° C.). The blood must be 
kept cold to prevent clumping of the cells. Silicone treatment of the glassware is not essen- 
tial. The blood is transferred to a cold 250 ml. Erlenmeyer flask, mixed thoroughly, and 
samples are withdrawn for total and differential counts. To the sample, diluting solution is 
now added until a specific gravity of 1.0370 is attained as measured by the falling drop 
method.2 Usually, almost equal volumes of the diluting solution and blood are required. A 
drop of blood when tested must fall in a 1.0365 tube, rise in a 1.0375 tube, and remain 
almost stationary in a 1.0370 tube. 


Krom the Department of Physiology, Yale University School of Medicine, New Haven, 
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The diluted blood is then placed in a cold, thick-walled Pyrex tube into which a ‘‘tear- 
drop’? and a swimmer have been introduced. About 15 ml. of diluted blood are used per 
tube so that six tubes are needed for 50 ml. of original, whole blood. The samples are 
centrifuged at 2,000 r.p.m. in an International No. 1 centrifuge (12.7 em. arm length) 
for 1 to 2 hours. Although a separation may be obtained in 1 hour, the longer time is recom- 
mended as easier withdrawal of the cells is obtained with firmer packing. 


—— 


BLOOD PLASMA 








CE 
a —N 
WIMMER RBC 
TEAR DROP GRAN. 


Fig. 1.—Left, appearance of tube before centrifugation. Right, after centrifugation, 
red cells and granulocytes have passed through swimmer, displacing it upward. The lympho- 
cytes are found within the central capillary of the swimmer. 








At the end of the centrifugation, the swimmer is found to have been forced up by 
the red cells and granulocytes which have passed through the central capillary and are 
packed below it. The lymphocytes form a well-demareated, compact white layer within the 
capillary of the swimmer (Fig. 1). The liquid phase is cautiously decanted and saved. The 
lymphocytes are carefully aspirated by means of a glass capillary fitted with a bulb. It is 
essential that the glass capillary be introduced without disturbing the swimmer. Once in- 
side the central capillary of the swimmer, it may be moved up and down, gently sucking 
the lymphocytes from the walls of the inner capillary of the swimmer. The swimmer can 
be drawn out of the test tube by gentle manipulation of a slightly twisted wire which is 
inserted into the central capillary of the cylinder. 

The granulocytes are separated from the red blood cells as follows: Wash the cell 
mixture into a 150 ml. Erlenmeyer flask using the decanted diluting fluid. Resuspend the 
cells and pour 20 ml. of cell suspension into each of several 50 ml. round-bottom tubes. To 
each tube add 20 ml. of cold 4.2 per cent fibrinogen solution.3 Cover each tube and invert 
it several times, avoiding turbulence. Any foam which is formed is removed, and the tubes 
are permitted to stand for 20 minutes at room temperature. The supernatant solution, con- 
taining the granulocytes and some red blood cells, is withdrawn and centrifuged. The 
resulting supernatant solution is discarded, and the mixtures of granulocytes and red blood 
cells are pooled and resuspended in 15 ml. of ice-cold saponin solution, The cells are stirred 
slightly to facilitate hemolysis of the red cells. A final centrifugation yields the granu- 
locyte fraction with a few red blood cells. 


RESULTS 
Table I shows the qualitative and quantitative results obtained in various 


species. It will be observed that the purity of the lymphocyte fraction is in- 
variably above 90 per cent, whereas this degree of purity is achieved in the 
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granulocyte fraction only in the dog and human. In the rabbit, sheep, and cat, 
species in which lymphocytes are relatively abundant, some lymphocytes pass 
through the capillary of the swimmer and contaminate the granulocyte fraction 
below. In these species, after collection of the lymphocytes, the blood may be 
resuspended, the specific gravity readjusted to 1.0370, and the centrifugation re- 
peated. As shown in Table I, a second crop of lymphocytes is then collected, 
and the granulocyte fraction is somewhat purer. The results shown are minimal 
since they were obtained shortly after the method was devised. 

Caleulation of the cells in all of the fractions indicates that a small loss 
of granulocytes, and a larger disappearance of lymphocytes, occurs during the 
separation process. This is probably the combined result of cell disruption and 
the loss of cells which are forced up between the swimmer and test tube. 


DISCUSSION 


According to Ottesen’s original method,! the swimmer served as an auto- 
matically adjusting buffy coat collector and brought to light the important ob- 
servation that all of the lymphocytes could be collected from the eapillary 
of the swimmer. These were admixed with granulocytes, however, and it was 
necessary to carry out the actual separation by means of a sedimentation tube 
in which a diffusion gradient had been set up. We have found this latter 
step difficult to carry out in a reproducible manner, and a considerable loss of 
cells invariably occurred. 

With the simplified method deseribed above, it is now possible to separate 
the granulocytes from the lymphocytes for enzyme, isotopic, and other studies 
which heretofore required blood samples from abnormal individuals such as 
leukemies, or extrapolation of values based on relative cell abundances in dif- 
ferent samples of blood. 

It appears possible that, following removal of the lymphocytes, the specific 
gravity of the solution may be altered in such a manner that fractionation of 
the granulocytes may be accomplished. On occasion, we have observed blood 
in which the eosinophils tended to pack directly beneath the lymphocytes in the 
central eapillary of the swimmer. 


SUMMARY 


A modification of Ottesen’s procedure, for the separation of granulocytes 
from lymphocytes is described. Minimum values for the quantitative recovery 
and the degree of purity of each fraction are presented. 
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A NEW METHOD FOR THE DETERMINATION OF GLUTAMIC 
OXALACETIC AND GLUTAMIC PYRUVIC TRANSAMINASE 
IN PLASMA 


Kritu 8. HentEy, M.B., M.R.C.P.,* anp H. Marvin Pouuarp, M.D. 
ANN Arbor, MIcH. 


ECENT reports'® on raised levels of glutamic oxalacetic and glutamic 

pyruvie transaminase activity in the serum of cases of myocardial infaretion 

and hepatocellular disease have stimulated clinical interest in these enzymes. The 

method of determination suggested by these authors involves the estimation of 

formed oxalacetic acid by measuring the oxidation of reduced diphosphopyridine 
nucleotide (DPNH) in the presence of malic dehydrogenase. 

The alternative method of Tonhazy and co-workers‘ in which the oxalacetie 
acid is converted to pyruvie acid with aniline citrate, and the pyruvic acid 
determined as its 2:4 dinitrophenylhydrazone, has not been found very sensitive 
in other hands® and suffers from nonspecificity in that 2:4 dinitrophenylhydra- 
zone reacts with keto compounds other than pyruvie acid. 

We have modified the procedure of Tonhazy as follows: Oxalacetic acid is 
converted to pyruvate by heat, and the pyruvate determination carried out with 
lactic acid dehydrogenase, by measuring the oxidation of DPNH as evidenced 
by decreased optical density at 340 my. 

Lactie acid dehydrogenase has been found, in our hands, to be a satisfactory 
enzyme for this purpose. It is readily available commercially in a satisfactory 
state of activity, is fairly stable and easy to handle, and appears to meet the 
requirements of an enzyme used in an assay procedure. 


I. Glutamic oxalacetic transaminase.— 


The reactions involved are: 





1. ¢ ketoglutarie acid + aspartic acid —————_—> oxalacetie acid + glutamie acid 
transaminase. 
2. Oxalacetie acid ——-— pyruvie acid + carbon dioxide 
100° C, 
3. Pyruvie acid + DPNH — lactic acid + DPN. 


Lactic acid dehydrogenase. 
The amount of DPNH oxidized is equivalent to the amount of oxalacetate 
formed. 


MATERIALS 


1. Buffered aspartate: 1.33 Gm. of L-aspartie acid and 0.86 Gm. of anhydrous dibasic 
potassium phosphate is dissolved in water, the pH is adjusted to 7.4 with potassium hydroxide, 
and diluted to 50 ml. 
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2. M/15 phosphate buffer? of pH 7.41 is prepared by mixing 80.8 ml. of M/15 anhydrous 
dibasic sodium phosphate solution with 19.2 ml. of M/15 monobasic potassium phosphate 
solution. 

3. a ketoglutarate is prepared in a concentration of M/10 in the buffer, and adjusted 
to pH 7.4 with potassium hydroxide. 

4, DPNH solution. We have found a concentration of about 5 « mol. per milliliter 
useful. 

5. Lactie acid dehydrogenase* which is made up fresh for use with 0.225 per cent saline, 
This solution keeps for at least four hours at 0° C. A concentration of 1 in 100 has proved 
satisfactory. 

6. A Beckman DU spectrophotometer with lead-free glass cuvettes, capable of holding 
3.0 ml. of fluid and having a 1 em. light path. The instrument is read at 540 mp at room 
temperature. 

All solutions when not in use are kept at —10° C. 


PROCEDURE 

Four-tenths milliliter of ketoglutarate and 1.0 ml, of aspartate are mixed in 10 ml. test 
tubes and placed in a water bath at 37° C. After five minutes, 1.0 ml. of the plasma to be 
assayed is added and the mixture incubated for exactly ten minutes. The tubes are lightly 
stoppered and immediately placed in vigorously boiling water. After a few moments, the 
stoppers are pushed down more firmly to prevent loss from evaporation. The tubes are kept 
in boiling water for twenty minutes. The contents are broken up by means of an orange 
stick, the tubes centrifuged, and the supernatant decanted. This fluid is kept frozen until 
assayed. 

A 1.0 ml. sample of the supernatant, 1.8 ml. of phosphate buffer, and 0.1 ml. of DPNH 
solution are mixed in the cuvette of the Beckman spectrophotometer and the D,,. determined. 
The reaction is started with 0.1 ml. of lactic acid dehydrogenase solution, well mixed, and 
allowed to go until no further decrease in density occurs. If high transaminase values are 
expected, the sample can be diluted accordingly. 

Controls are prepared by adding 1.0 ml. of plasma to the mixture of a ketoglutarate 
and aspartate which has been placed in boiling water. The contents are then treated in 
exactly the same way as the test solution. 


CALCULATIONS 
If T, and T, and C, and C, are the initial and final optical densities of the test and 
control solutions, respectively, then the net change in density (Ay — A¢), allowing for an 
initial dilution of 1 in 30 through the addition of lactic acid dehydrogenase is given by: 


[on i je Se 


On the basis of a molecular weight of DPNH of 665, the calculated micromolar extinction 
coefficient of DPNH from the published micromolecular extinction coefficient’ is 2.05. There- 
fore, the amount in molecules of DPNH oxidized per milliliter of plasma per hour of incu- 
bation is: 

a x 2.4 x ae 
But, 1 wmol. of DPNH is equivalent to 1 wmol. of pyruvate which, in turn, is equivalent 
to 1 wmol. of oxalacetate. The transaminase, activity is therefore expressed as micromols of 
oxalacetate produced per milliliter of plasma per hour, or: 
7.02 (Ay — Ag). 

Similarly, micromols of pyruvate per milliliter of plasma = 1.17 (Ay — Ac). This method 
has given reproducible results with a standard error of 4.9 per cent on 16 estimations of 
pooled plasma from normal subjects. 


*Worthington Biochemicals, Freehold, N. J. 
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Fig. 1.—Linearity of yield of oxalacetate over 5 to 15 minutes of incubation. 
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RESULTS 


The yield of oxalacetate determined by this method was linear over a 5- 
to 15-minute period of incubation (Fig. 1), added oxalacetate or pyruvate were 
recovered quantitatively from plasma with normal and high transaminase values 
to between 92 and 100 per cent. No pyruvate was recovered from blanks run 
without the addition of plasma, and the net change in density increases in a 
linear manner with the amount of plasma added (Fig. 2). By placing the test 
tubes into boiling water, inactivation of the transaminase appears to occur almost 
instantaneously because the change in density on adding plasma to the substrate 
at 100° C. was similar to that found on adding plasma to an equal volume of 
buffer. Thus, the control is an index of the plasma pyruvate (Table I). 


TABLE I. COMPARISON OF YIELD OF PYRUVATE ON INACTIVATION WITH BUFFER AND SUBSTRATE 








A DENSITY 
TYPE OF PLASMA "BUFFER | SUBSTRATE _— 
Normal 0.082 0.077 
Normal 0.080 0.084 
Viral hepatitis 0.099 0.103 














The normal value of glutamic oxalacetic transaminase as determined by 
this method is 1.34 + 0.12 pmols of oxalacetate per milliliter per hour, based on 
43 determinations from normal subjects. The mean plasma pyruvate was 0.120 
+ 0.044 pmols per milliliter based on 55 determinations on normal subjects. 


IT, Glutamic Pyruvic Transaminase.— 


This enzyme catalyzes the reaction: 


ketoglutarie acid + alanin rlutamie acid + pyruvie acid 
a ketoglutz acid + alanine , olutamie acid + pyruvie acic 
transaminase. 


The activity of this enzyme is capable of being measured directly without 
inactivation by having the lactic acid dehydrogenase present in excess. The 
rate of formation of pyruvate in the transamination reaction is thus measured 
in the cuvette, using lactic acid dehydrogenase and DPNH as before. The same 
materials used previously are suitable, substituting buffered alanine for the 
buffered aspartate. This is prepared by dissolving 0.89 Gm. of DL-alanine 
and 0.43 Gm. of dibasic potassium phosphate in water, adjusting the pH to 7.4 
with hydrochloric acid, and making up the volume to 50 ml. with water. 


PROCEDURE 


One milliliter of plasma, 1.0 ml. of buffer, and 0.5 ml. of buffered alanine, and 0.2 
ml. of lactic acid dehydrogenase solution is mixed in the cuvette of the spectrophotometer. 
One-tenth milliliter of DPNH solution is then added, and the mixture incubated until no 
further change in density occurs. Two-tenths milliliter of a ketoglutarate solution is added 
to start the reaction, and the change in density followed at intervals of thirty seconds. 
After about one minute the change in density becomes linear and readings are made over 
the subsequent period of ten minutes. 
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Number 


CALCULATIONS 


Micromols of DPNH oxidized per milliliter of plasma per hour are equivalent to 
the micromols of pyruvate formed and are given by: D x 60/2.05 = D x 29.27, where D 
is the change in optical density per minute over the period of observation. 

The activity of this transaminase is somewhat less than that of glutamic oxalacetic 
transaminase. The method is reproducible with a standard error of 6.4 per cent based 
on 13 determinations of pooled plasma from normal subjects. A mean value of 0.223 + 
0.13 wmol per milliliter per hour was obtained on 54 specimens from normal subjects. 


These methods have proved comparatively rapid and convenient in our 
laboratory, and we believe that the simultaneous estimation of these enzymes 
may offer a convenient stepping stone for the elucidation of the metabolic de- 
‘angements of liver disease. Further work is in progress. 


SUMMARY 


A simple, enzymatic, nonchromatographie method for the determination 
of glutamic oxalacetic and glutamie pyruvic transaminase in plasma is presented. 
The assay depends upon the oxidation of DPNH in the course of the trans- 
formation of pyruvie to lactic acid in the presence of lactic acid dehydrogenase. 


Our thanks are due to Dr. I. A. Bernstein for suggesting the use of lactie acid de- 
5D 
hydrogenase, and for his encouragement and advice throughout this work. 
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1. PROTECTIVE ACTION OF CHLORPROMAZINE AGAINST 
BRUCELLA ENDOTOXIN 
Ropert 8S. ABERNATHY, M.D., AND FrANz HaAvperc, M.D., MINNEAPOLIS, MINN. 


(INTRODUCED BY KaRL W. ANDERSON, M.D.) 


Endotoxins prepared from gram-negative bacteria, when injected into mice, 
cause hypothermia, granulocytopenia and granulocytosis, diarrhea, vasomotor 


collapse, and death. Previous studies showed that adrenocorticosteroids pro- 
tected both intact and adrenalectomized animals against Brucella endotoxin. 
The present investigations have demonstrated that chlorpromazine also gives 
significant protection. 

Brucella melitensis endotoxin was injected intravenously or intraperitoneally 
into mice. The optimal schedule of chlorpromazine necessary for protecting 
intact mice against lethal doses of endotoxin was 10 mg. per kilogram ad- 
ministered intramuscularly in divided doses over the first twelve hours after 
challenge with endotoxin. Increasing the dosage above 20 mg. per kilogram or 
delaying the administration of the drug for six hours after endotoxin challenge 
gave less protection. Optimal treatment protected against 3 to 4 LD; doses of 
endotoxin, a degree comparable to that given by immunization with endotoxin. 
The leukopenic effect of endotoxin was suppressed, but not abolished, by 
chlorpromazine. Since chlorpromazine induced considerable sedation, the 
effect of prolonged anesthesia with Nembutal or with the steroid Viadril was 
determined. Although anesthesia proved partially effective, the degree of 
protection was less than with chlorpromazine. The antihistaminic agents, 
Benadryl and Histadyl, and Serpasil, another ‘‘tranquilizing’’ agent, gave no 
protection. The combination of suboptimal amounts of chlorpromazine and 
9-alpha-fluorohydrocortisone gave added protection. 

In mice sensitized by adrenalectomy to endotoxin, chlorpromazine signil- 
icantly prolonged survival time after ‘challenge with endotoxin. Protection 
was obtained with doses of 0.25 mg. per kilogram of chlorpromazine given 
concomitantly with lethal doses of endotoxin; better protection was obtained 
with 6.25 mg. per kilogram of chlorpromazine, while doses over 30 mg. per kilo- 
eram gave less protection. In adrenalectomized mice, chlorpromazine compared 
favorably with 11-dehydrocorticosterone but unfavorably with hydrocortisone 
and some halocorticoids, on a gamma per gamma basis. 
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Endotoxin may trigger nervous mechanisms detrimental to this host, and 
chlorpromazine may operate by interfering with this neural activity. A fune- 
tioning adrenal cortex does not appear to be indispensable for chlorpromazine 
protection against endotoxin. These studies emphasize the complexity of 
endotoxin activity. 


2, STUDIES ON THE ENVIRONMENTAL DISSEMINATION AND 
AERIAL TRANSMISSION OF TUBERCLE BACILLI 


SAMUEL ABRAMSON, V.M.D. (By INviTATION), AND WILLIAM LESTER, JR., M.D., 
HINSDALE, ILL. 


The mechanism of environmental dispersion of tubercle bacilli and its 
influence upon the development of pulmonary tuberculosis is incompletely 
understood. The hypothesis generally accepted is that primary pulmonary 
tuberculosis is an air-borne infection resulting from the inhalation of particles 
sufficiently small to reach and be retained in the alveoli. The particle size 
distribution of aerosols dispersed by tuberculous patients and the factors 
which influence their production, pathogenicity, and survival in the environ- 
ment are unknown. The objective of this study was to aequire data which 
would provide a consistent explanation of the mode of transmission of tubereu- 
losis. 

Quantitative bacterial air and surface-sampling techniques, of proved 
efficiency, were used in hospital wards and in an experimental room to assess 
the presence of the infectious particles in the air and upon surfaces and fabries, 
and to measure their survival rate. The patients in these environments were 
bacteriologically confirmed open cases of pulmonary tuberculosis. The 640 
cubie foot experimental chamber simulated conditions which occur in natural 
spread of air-borne disease through control of temperature and relative 
humidity. Careful study of 1,254 samples of air, surfaces, dust, and bedding 
in rooms oceupied by sputum-positive tuberculous patients failed to reveal any 
virulent tubercle bacilli, even when the patients were actively coughing. In 
five instanees, avirulent acid-fast bacilli were isolated in these experiments. 

Studies on the survival of artificially generated aerosols of Mycobacterium 
phlei revealed that these acid-fast bacilli failed to survive in the air beyond 
several hours at any relative humidity; furthermore, a relative humidity of 30 
per cent was most lethal. Earlier studies using a laboratory strain of human 
tuberele bacilli (I1I37Rv) demonstrated that these organisms, when suspended 
in various vehicles and deposited as droplets upon glass surfaces, failed to survive 
beyond 37 days at any relative humidity. Identical results have been obtained 
in recent studies utilizing the acid-fast bacilli naturally present in sputum from 
tuberculous patients. 

These results suggest that persisting environmental contamination with 
infectious particles is not a common hazard associated with pulmonary tuber- 
culosis, and that when inhalation infection does occur, it follows the coincidence 
of specific conditions not yet defined. 


3. DIFFUSE PULMONARY FIBROSIS: ITS EFFECTS UPON 
THE MECHANICS OF LUNG VENTILATION 
JAMES K. ALEXANDER, M.D., Houston, TEx. 


(INTRopucED By R. A. Herric, M.D.) 


Utilizing intraesophageal pressure as an index of intrathoracic pressure, 
resting intrathoracic pressures, lung compliance measurements, and pulmonary 
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pressure volume loops at varying respiratory frequencies were compared in 
six normal subjects and nine patients with diffuse pulmonary fibrosis of various 
etiology. To characterize the physiologic defects and their severity in the 
usual manner, each of the patients with fibrosis also underwent standard function 
tests relative to ventilation and arterial blood at rest and during exercise, lung 
volumes, and intrapulmonary gas mixing. 

Intraesophageal pressure in the pulmonary fibrosis group at the end-expira- 
tory position (functional residual capacity) was less negative with respect to 
atmospheric pressure than normal, approaching ambient pressure. Compliance 
of the lung was uniformly reduced with fibrosis, from one-half to as much as 
one-thirtieth the normal value over the range of the tidal volume. Reduction 
in compliance could be roughly correlated with change in total lung capacity and 
degree of alveolocapillary diffusion block to oxygen in the fibrosis group. A 
characteristic configuration of the pulmonary pressure volume loop associated 
with the vital capacity maneuver was also demonstrated in these patients. 


Assessment of the work expenditure necessary to ventilate the lung at vary- 
ing respiratory frequencies showed a striking increase in the fibrosis group as 
compared with the normal, in terms of the work per breath as well as in the 
caleulated work per minute under conditions of rest and exercise. Subdivision 
of the total work into its elastic and resistive elements revealed an increase in 
both components when fibrosis was present. 


4. THE METABOLISM OF PENTOSE 5-PHOSPHATE IN CERTAIN 
NORMAL AND TUMOR TISSUES 


E. 8S. GuzMAN Barron, M.D., Martino VILLAVICENCIO (By INVITATION), AND 
DonaLp W. KING, Jr. (By [nviration), Cuicaaco, IL. 


Sinee the discovery by Warburg that normal tissues produce less lactic acid 
in the presence of oxygen than tumors, numerous efforts have been made to 
find other metabolic differences between normal and tumor tissues. Fast- 
erowing tissues require the utilization of larger amounts of ribose and 
desoxyribose for the synthesis of nucleic acid and other pentose-containing 
coenzymes. It is plausible to expect that metabolism of pentose may be higher 
in tumors than in normal cells. 


Ribose 5-phosphate added to tissue slices of mammalian tissue slices and 
to intact cells (lymphatic cells of rabbit appendix and human red cells) was 
readily utilized on ineubation at 38° C. Erlich’s mouse ascitis tumor cells and 
slices of Flexner’s mouse carcinoma utilized this pentose twice as fast. Utiliza- 
tion was larger under anaerobic conditions. It has also been found that these 
tissues fix, i.e., incorporate, CO. into ribose 5-phosphate. With C*-labeled 
NaHC™OO it was found that the lactic acid produced on anaerobic incubation 
with ribose 5-phosphate contained C**, the labeled C1* being all in the earboxy] 
group. This is similar to the labeling of phosphoglycerie acid when C™O, is in- 
cubated with ribose 5-phosphate in the presence of vegetable tissues, a process 
considered by Calvin and by Horecker as the first step in the synthesis of earbo- 
hydrates by photosynthesis. Fixation is produced in plants by phosphorylation 
of ribulose 5-phosphate (phosphoribulokinase), and fixation of CO, into 
diphosphoribulose with subsequent split into phosphoglycerie acid (earboxy- 
dismutase). It is probable that mammalian tissues possess also these enzymes. 
CO, fixation into ribose 5-phosphate was larger in tumors than in normal cells. 
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5. PANTOTHENIC ACID DEFICIENCY INDUCED IN HUMAN SUBJECTS 


WituiAM B. Bean, M.D., Ropert Lusin (By Invitation), AND 
Kate Daum (By Invitation), Iowa Crry, Iowa 


During the past four years we have studied normal subjects for the effects 
of a diet devoid of pantothenic acid (PA) and with o-methyl pantothenic acid, 
an antagonist. We have observed the development of an illness with burning 
paresthesia, muscle weakness, abdominal discomfort, vasomotor instability, infec- 
tions, and depression. Metabolic disorders included histamine refractory achlor- 
hydria, changed glucose tolerance with prolonged high levels of blood sugar, in- 
creased insulin sensitivity, and diminished eosinopenic response to ACTH. There 
were erratic changes in acetylation, 17-ketosteroid excretion, cholesterol and 
esters, and excretion of water-soluble vitamins. Evidence of adrenocortical dys- 
function suggested further study. Three additional subjects were observed while 
taking (1) a normal diet, (2) control (PA-free) diet plus PA, (3) control 
diet without PA, (4) control diet minus PA plus antagonist, and the repetition 
of (2) and (1). Neuropathy, achlorhydria, disordered carbohydrate metab- 
olism, and failure of eosinopenia after ACTH again occurred, but little vasomotor 
instability or infection. Other abnormalities included severe hypopotassemia 
with characteristic electrocardiographie changes, hypochloremia, elevation of 
blood CO.. Serum sodium, calcium, and phosphorus did not change appreciably. 
Inability to handle a water load (abnormal Kepler-Power test) appeared. There 
were no consistent changes in the 17-ketosteroid excretion or acetylation. There 
was a sharp rise in sedimentation rate without significant change in electro- 
phoretic pattern of serum proteins. There was a consistent but moderate pro- 
longation of prothrombin time without spontaneous bleeding. Some of the 
abnormalities returned to or toward normal when PA was substituted for the 
antagonist in the recovery period. The period of normal diet was associated 
with restoration to control values of practically all metabolic and clinical modali- 
ties. These studies suggest that a pantothenic acid deficiency has been produced 
in normal subjeets. The possibility that o-methyl pantothenic acid is a general 
protoplasmie poison has not been excluded. Projected studies include a long 
trial of the deficient diet without the antagonist, and further studies similar 
to the ones reported here with longer recovery periods on the deficient diet 
with added PA but without antagonist. The use of vitamin antagonists is a 
promising method of studying the role of less well-understood vitamins in 
human nutrition and metabolism. 


6. PLETHYSMOGRAPHIC DETERMINATION OF THE VOLUME OF 
GAS TRAPPED IN THE LUNGS OF PATIENTS WITH 
PULMONARY DISEASE 
GEORGE N. BEDELL, M.D., Ropert MARSHALL, M.D., ARtHuR B. DuBots, M.D., 
AND JuLius H. Comrog, Jr., M.D., PHILADELPHIA, PA. 


(INTRODUCED BY JAMES W. CULBERTSON, M.D.) 


The functional residual capacity of the lungs (FRC), measured by the 
usual dilution or washout methods, is the volume of pulmonary gas in com- 
munication with the airway. In the absence of a pneumothorax, the FRC can 
also be measured by a plethysmographic method based on Boyle’s law relating 
volume and pressure of a gas; however, this FRC is the total volume of gas 
in the chest (thoracic gas volume), whether in free communication with the air- 
Way or not. The plethysmographic method is based on the principle that if 
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P, is known (alveolar pressure equals atmospheric pressure at end-expiration) 
and a new pressure and volume (P, and V;) be created and measured, the 
original gas volume (V,) can be calculated. The subject sits and breathes in a 
600 L. air-tight chamber (body plethysmograph). At end-expiration, a shutter 
at the mouthpiece is closed and the subject makes respiratory efforts; P, is 
measured by an electrical capacitance manometer at the mouth (mouth pressure 
equals alveolar pressure in a closed system) and V, is determined by measuring 
the pressure changes about the subject in the body plethysmograph. 

In normal subjects, the FRC measured by the two methods should be the 
same; however, whenever gas is trapped in areas of the lung, the plethysmo- 
graphic method should yield values greater than those for the dilution or 
washout method and the difference should represent the volume of trapped 
gas. 

In nine normal subjects, the mean plethysmographie FRC was 2.97 and the 
washout FRC was 2.97 L. (S.D. of the differences, + 0.22 L.). In five patients 
with clinical and radiologic evidences of pulmonary eysts, the mean plethysmo- 
graphic FRC exceeded the washout FRC by 2.03 L. In eleven patients with 
emphysema, the mean plethysmographic FRC exceeded the washout FRC by 
1.09 L. Three patients with pulmonary or intrathoracic tumors also showed 
evidence of trapped gas. Patients with kyphoseoliosis, diffuse interstitial 
fibrosis, Boeck’s sarcoid, scleroderma, pulmonary hemosiderosis, pulmonary 
arteriosclerosis, or rheumatic heart disease did not have a significant volume 
of trapped gas. 


7. THE POSTVALVULOTOMY SYNDROME: ITS ETIOLOGY 
AND PREVENTION 


BERNARD Bercu, M.D., HERBERT B. ZIMMERMAN, M.D., AND 
CHARLES Hocancamp, M.D., St. Louris, Mo. 


(INTRODUCED BY JOHN R. Smirn, M.D.) 


One of the dilemmas of mitral valve surgery has been the frequent occur- 
rence of a postoperative illness which has been called the ‘‘postvalvulotomy 
syndrome.’’ A great variety of signs and symptoms occurring in patients 
who have undergone mitral valvuloplasty have been attributed to this syn- 
drome. This wide array of findings has given no consistent clinical picture and 
there has been no agreement as to its etiology. The syndrome has been re- 
ported to oceur in from 10 to 25 per cent of all operated cases. 

In an attempt to clarify this problem, the authors have studied a series 
of patients who have undergone mitral valvuloplasty. Many patients who 
presented symptoms suggestive of the postvalvulotomy syndrome were found 
on closer scrutiny to have some other postoperative complication. All patients 
whose symptoms were finally considered to be due to the postvalvulotomy 
syndrome presented findings compatible with acute rheumatic fever. These 
symptoms included arthritis, pericarditis, myocarditis, and fever. In addition, 
they responded dramatically to salicylate therapy with rapid control of the 
symptoms in 24 to 48 hours. The authors conclude, therefore, that this syn- 
drome is an exacerbation of rheumatic fever that is brought on by the trauma 
of surgery. These findings raise some obvious implications concerning the 
pathogenesis of rheumatic fever. 

On theoretical grounds it was decided to try to prevent the postvalvulot- 
omy syndrome. One series of patients who had undergone mitral valvulo- 
plasty was treated postoperatively with ACTH (25), a second group was given 
Meticorten (23), and a third group served as a control (50). No patient in the 
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group receiving Meticorten for two weeks following mitral valvuloplasty 
developed the postvalvulotomy syndrome, while the incidence in the ACTH 
and the control groups was the same. The authors conclude that Meticorten is 
effective in preventing the postvalvulotomy syndrome. 


8. DIAGNOSTIC VALUE OF URINARY EXCRETION TESTS USING 
VITAMIN B,,. Co® AND INTRINSIC FACTOR CONCENTRATES IN 
SUSPECTED CELLULAR VITAMIN B,, DEFICIENCIES OF MAN 


WiuuiaM R. Best, M.D., Jon Louis, M.D. (By INvrtaTIon), AND 
Louis R. Limarzi, M.D., Cuicago, IL. 


Megaloblastic anemias result from cellular deficiencies of vitamin By, or, 
less commonly, of other substances. Such deficiencies do not immediately or 
invariably lead to megaloblastic anemia. The urinary excretion test of 
Schilling (J. Las. & Ciin. Men. 42: 860, 942, 1953) alone and with potent doses 
of intrinsic factor concentrates was performed in patients suspected of having 
a cellular By. deficiency. Pernicious anemia (PA) was not positively diagnosed 
by clinical demonstration of intrinsic factor lack in these cases. Twenty- 
three patients very probably had PA (megaloblastic anemia, expected response 
to therapy, no gastric free acid, and no underlying disease). After 2.0 ng Bis 
Co® orally and 1,000 ug Biz. parenterally, 4 to 93 mug Bi, Co® appeared in the 
24-hour urine. Twelve tested with potent intrinsic factor gave 133 to 800 
mug excretion, higher values tending to occur in patients with higher controls. 
Thirty-seven patients possibly had PA (clinical evidence for the diagnosis was 
unavailable, inadequate, or only suggestive). Twenty-one had control excre- 
tions of 0 to 53 mug (compatible with PA) ; sixteen, of 122 to 456 mug (tend- 
ing to rule out PA). Four patients with intestinal malabsorption had control 
values of 18 to 61 mpg. Adequate intrinsic factor increased excretion only to 
50 to 70 mug. One of these had free gastric acid and megaloblastic anemia 
but only minimal evidence of intestinal malfunction. Four patients with other 
megaloblastic anemias had control excretions of 154 to 694 mug. Three had 
gastric free acid (two liver dysfunction; one drug reaction with dermatitis). 
Thirty-five milliliters of gastric juice from the fourth (liver dysfunction and 
achlorhydria) gave 138 mpg excretion when tested in a PA patient, thus 
ruling out PA. We have seen no true PA by these tests that has not had 
achlorhydria. 

A high control excretion in a megaloblastiec anemia speaks for dietary 
inadequacy, a postintestinal defect in B,. physiology, or a cellular deficiency 
of another substance. It rules out PA. A low control excretion indicates 
intrinsic factor deficiency or intestinal malabsorption. A repeat test with 
adequate intrinsic factor concentrate will differentiate the two. In question- 
able cases the patient’s gastric juice should be tested for intrinsie factor 
activity in a proved PA. 


9. A CLINICAL, SOCIOLOGIC, AND GENETIC STUDY OF HEREDITARY 
HEMORRHAGIC TELANGIECTASIS 


R. M. Birp, M.D., J. F. HamMarsren, M.D., anp R. A. MarsHauu, M.D., 
OKLAHOMA City, OKLA. 


(INTRODUCED BY 8S. G. Wour, M.D.) 


A large kindred having hereditary hemorrhagic telangiectasis offered a 
unique opportunity to study not only the genetic pattern and natural history 
ot this disease but also the adaptation of a group to a chronic disease carrying 








796 CENTRAL SOCIETY FOR CLINICAL RESEARCH J. Lab. & Clin. Med. 


November, 1955 


momentary hazard of death. Of 170 relatives examined, 29 showed classical 
skin and mucosal lesions. Telangiectasis appeared as a simple dominant, not 
sex-linked, with a high degree of penetrance and variable expressivity. In 
families where one parent manifested the disease, 7 offspring under 30 years 
of age showed telangiectasis while 35 were apparently free; whereas, among 
the offspring 30 years or over, 22 persons were affected as compared with 27 
free. Genetic linkage with one of the blood groups was sought for but not 
found. Our observations as compared with reports in the literature suggest 
that specificity varies with different family groups. Our inferences as to “the 
families’ adaptation to this chronic disease were gained through intimate asso- 
ciation with them in their homes and at their family reunions over a two-year 
period. The ever present hazard of hemorrhage and death was squarely faced 
and freely discussed in a vein suggesting distinction. Courage was derived 
from clannish attitudes which placed high value on fecundity, minifying the 
importance of the individual, but emphasizing the lasting traditions, values, 
and performances of the family. The characteristic family attitude toward 
hemorrhage did not necessarily carry over to other threatening experiences. 
Toward these, individuals responded in a more conventional fashion. 


10. THE RELATIONSHIP OF BINDING POWER TO INTRINSIC FACTOR 
ACTIVITY 


Ronatp ©. BisHop, M.D. (By INviratrion), Miron Toporek, PH.D. (By INvita- 
TION), NORMAN A. NEtSon, M.D. (By INviTaTION), AND FRANK H. 
BETHELL, M.D., ANN ArRBor, Micu. 


The role of intrinsie factor in the absorption of vitamin B,,. has long been 
under investigation. Some substances with intrinsic factor activity ‘‘bind’’ 
B,. and make it unavailable for growth in the microbiologic assay for the 
vitamin. The relationship of this binding power to intrinsic factor activity 
has not yet been definitely established. When pernicious anemia (PA) pa- 
tients were used to evaluate the intrinsic factor activity of experimental 
preparations there was an incomplete correlation between such activity and 
the binding power of these preparations. One of the difficulties presented by 
the use of PA patients is the fact that the gastric juice of such patients does 
have some binding power. 


To circumvent the possible effect of the binding power of the PA patients’ 
own gastric juice, the binding power-intrinsic factor relationship was studied 
in patients with total gastrectomies using the urinary exeretion of orally 
administered radioactive B,. Co® as a measure of absorption. A control test. 
oral B,, Co* without intrinsic factor, was followed by other tests at weekly 
intervals. In one, an oral dose of Bie Co® was followed immediately by an 
oral dose of normal human gastric juice (GJ) which had been incubated for 
30 minutes at room temperature with equivalent amount of nonradioactive By». 
In the second part of the experiment, the B,, Co® was bound to GJ and the 
nonradioactive B,. was free. As a cheek on the effect of prolonged contact 
apart from binding on absorption a test was run with B,, Co® and gastric 
juice administered separately without prior incubation. The findings con- 
firmed earlier observations that prior incubation does not enhance absorption. 

The data indicate that the B,. already bound by the GJ is preferentially 
absorbed. One series of tests on a PA patient gave similar results. It is con- 
eluded that binding power is necessary for intrinsic factor activity. 
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11. OBSERVATIONS ON LEUKOAGGLUTININS IN NEOPLASTIC 
DISORDERS OF THE RETICULOENDOTHELIAL SYSTEM 


Wituiam H. Bonn, M.D. (By INviTaTION), AND Rosert J. Roux, M.D., 
INDIANAPOLIS, IND. 


Leukoagglutinins have been demonstrated in a wide variety of disorders 
characterized by diminution in circulating leukocytes. While mention has 
been made of leukoagglutinins occurring in some patients with various 
lymphomas and leukemias, the relationship of such antibodies to the activity 
of the disease, or of any possible association between such leukoagglutinins 
and eytolytie therapeutic agents has not been made clear. Having studied the 
occurrence or absence of leukoagglutinins in normal subjects, in patients with 
collagen disorders, idiopathic agranulocytoses, and leukopenias of infections, 
a group of patients with a variety of lymphomas and leukemias demonstrating 
both leukopenia and leukocytosis was selected for study. Leukoagglutinins 
were tested during active periods of the disease and in most instances re- 
checked when clinical remission followed institution of therapy with a variety 
of eytolytie agents. In most instances, correlative paper electrophoretic 
studies and examinations for platelet agglutinins and erythrocyte agglutinins 
and hemolysins were obtained. 

These preliminary observations suggest the following: (1) Leukoagglu- 
tinins are present more in relationship to the activity of the leukemias and 
lymphomas in this group of patients than in relationship to the therapeutically 
induced leukopenia of the disease. (2) A good correlation between the pres- 
ence of leukoagglutinins and abnormalities of paper electrophoretic protein 
patterns could not be demonstrated. 


12. A CHARACTERIZATION OF THE ‘“‘FIBRINOID”’ OF RENAL 
CORTICAL NECROSIS DUE TO THE SHWARTZMAN REACTION 


Earnest Bootn, M.D. (By Invitation), E. E. MurrHeap, M.D., anp 
P. O’B. Montcomery, M.D. (By Invitation), DAuuas, TEX. 


Renal cortical necrosis has been produced in the rabbit by two injections 
of endotoxin from E. coli given intravenously 24 hours apart. The fibrinoid 
material in the cortex of these kidneys has been detected in the interlobular 
arteries, the arterioles, the glomeruli, Bowman’s space, within the tubules, 
especially the convoluted tubules and in the peritubular areas immediately 
adjacent to the convoluted tubules. In all these sites the material had the 
staining properties of ‘‘fibrinoid’’ as described in the literature. The same 
material gave a positive reaction with the following histochemical procedures 
when frozen sections were utilized: Oil Red O, Nile Blue Sulfate, sudan 
black B, Sehultz reaction, periodic acid Schiff reaction, the protein-bound 
sulfhydryl procedure, the free potassium procedure, the reaction for free 
carbonyl groups, and the Congo red procedure. The following procedures 
“ave negative results; the vitamin C procedure, tests for nonspecific esterase, 
the glyeogen procedure, the iron test, the Millon reaction, and the benzidine 
reaction for peroxidase. The positive histochemical pattern for this ‘‘fibrinoid’’ 
tnaterial is identical to that observed in the necrotic arterioles of malignant 
\vpertension in man and comparable experimental states. 
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13. SINGLE-BREATH ANALYSIS OF VENTILATION 
H. G. Boren, M.D., ANp Demitri GEorGE, Houston, TEx. 
(INTRODUCED BY CHARLES L. Spurr, M.D.) 


Ten 30- to 60-year-old men with no evidence of abnormality of their 
cardiorespiratory systems were studied by analysis of continuously recorded 
volume and fraction of nitrogen of their expired breaths following a single 
maximal inhalation of oxygen. The nitrogen curve was divided into four sub- 
divisions determined by four equal divisions of the volume curve. Each 
subdivision’s average nitrogen was obtained by Simpson’s rule. The amount 
of nitrogen expired during each subdivision was the product of this figure and 
the volume expired. A turnover rate and an associated lung volume for each 
subdivision was obtained. Combining information from the subdivisions 
allowed calculation of achieved turnover rate (K), efficiency, delay of clearing, 
and residual volume of the entire breath as has been done using multiple- 
breath techniques. Each person had a Darling open circuit residual volume 
determination and the results were compared by the quadrant sum test for 
association. 

End expiratory nitrogen fraction of the single breath was negatively 
associated with K at a significance level of 0.01, but was associated positively 
with single-breath residual volume at only 0.13 and with Darling F.R.C. at 
0.19. That end-expiratory nitrogen fraction is a function of turnover rate 
was further shown by its negative association with vital capacity (P = 0.065). 

Although the Darling residual volume showed no significant correlation 
with the single-breath residual volume, it was correlated positively with their 
difference at the 0.01 level. 

It was also found that K was associated negatively with end alveolar 
fraction of nitrogen at the end of seven minutes of oxygen breathing at a 
level of 0.09 even though varying ‘‘alveolar’’ nitrogen fractions were found 
in identical Darling residual volumes. Although K correlated negatively with 
the R.V./T.C. ratio at only the 0.13 level, this was of greater significance than 
the association of this ratio with end single-breath nitrogen fraction. 

These findings seem to indicate that the ‘‘alveolar plateau’’ is associated 
greatest with turnover rate, that the larger the Darling residual volume the 
greater is its underestimation by the single-breath technique, and that K corre- 
lates to a degree with “index of intrapulmonary mixing.” 


14. THE CONCEPT OF ELECTRICAL INSTABILITY OF THE HEART IN 
CORONARY ARTERY DISEASE 


BERNARD L.. BRoFMAN, M.D., Davin S. LEIGHNINGER, M.D., AND 
CuLAupDE S. Beck, M.D., CLEVELAND, OHIO 


(INTRODUCED By Harry GoLpBLattT, M.D.) 


In the great majority of deaths due to coronary artery disease, the ex- 
planation for cardiae arrest remains obscure, there being no correlation with 
degree of arterial occlusion or extent. of muscle destruction. Particularly in 
young men, coronary death frequently occurs without complete artery occlu- 
sion or myocardial infarction (Yater). Generally, even with greatly reduced 
total coronary inflow, adequate intercoronary channels, providing more equal 
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distribution of available blood supply, prevent abrupt differences in oxygena- 
tion of contiguous areas of myocardium, and maintain electrical stability of 
the heart. 

More than 2,000 dog experiments and 250 operations on patients with 
coronary artery disease have been performed. Direct electrocardiographic 
leads from dog and human hearts confirm the observation that an area of 
myocardial ischemia exhibits ST segment elevation, while adjacent areas 
generally show ST segment depression. These ST segment displacements are 
an expression of differences in electrical potential due to significant differences 
in oxygenation of contiguous areas. Four conditions of myocardial oxygena- 
tion are demonstrated: (1) The normal heart exhibits uniform electrical 
potentials; it is electrically stable. (2) Ischemia of an area of myocardium re- 
sults in a ‘‘trigger’’ zone which is electrically negative to surrounding well- 
oxygenated muscle. <A current of oxygen differential exists across the boundary 
of the ischemic area, and the heart becomes electrically unstable. Ventricular 
fibrillation usually occurs. (Reversibility of death due to this mechanism has 
been demonstrated in a human being.) (3) During extreme generalized anoxia 
of the heart, uniform epicardial electrical potentials exist. Ventricular fibrilla- 
tion does not occur. The uniformly cyanotic heart is electrically stable. 
(4) However, when well-oxygenated blood is perfused into a given area of the 
uniformly cyanotic heart (reverse trigger), a current of oxygen differential 
appears, electrical instability results, and ventricular fibrillation frequently 
oceurs, 


Conclusion.—Coronary death appears related to interaction of two fac- 
tors: (1) current of oxygen differential resulting from differences in myo- 
cardial oxygenation; (2) the fibrillation threshold of the vulnerable cells at 
the margin of the ischemic area. Adequate collaterals, whether naturally or 
surgically produced, obviate abrupt differences in myocardial oxygenation and 
prevent electrical instability of the heart. 


15. EPIDEMIOLOGY OF INFLUENZA AS REVEALED BY SERUM POOLS 
FROM VARIOUS AGE GROUPS 


G. O. Broun, M.D., Rose Rita Scuminpt, M.S. (By Invitation), 
FRANCES Murry, M.S. (By Invitation), AND DOLORES 
OLIGSCHLAEGER, B.S. (By Invitation), 

Sr. Louts, Mo. 


In previous communications to this Society, it was shown that serum 
pools collected by random sampling from individuals of all ages reveal 
changes in titer of antibodies against influenza virus corresponding to the 
occurrence of outbreaks of that disease. Low levels of antibody against the 
causative virus are present prior to an outbreak and a distinct rise in average 
titer follows an outbreak. The levels at which antibodies persist between 
outbreaks likewise were demonstrated. For the past three years, sera of in- 
fants and children were collected and divided into pools according to age. 
Pools of serum of adolescents, young adults, and individuals over 40 years of 
age also were collected. The antibody content of all of these pools against 
representative strains of influenza virus was determined. 

In agreement with reports of Francis and others, we find antibodies 
against swine influenza virus only in adult sera. In our serum pools, anti- 
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bodies against PR-8, Type A, isolated in 1934, were not found in any signifi- 
cant titer in children born after the year 1944. Antibodies against the Lee 
strain of Type B isolated in 1940 were not found in the pooled sera of children 
born after 1945, whereas antihemagglutinins against more recently : ean 
Type B strains were found in children born in more recent years. The A 
prime viruses, prevalent since 1946, have caused outbreaks as recently as 
1953. Antibodies against these viruses are found in the sera of nearly all 
children. 

It seems possible, by analysis of the antibody content of sera collected by 
age groups, to determine when a given virus strain ceased to be present in a 
community and when new virus strains appeared. 

Our findings suggest that recent influenza outbreaks occurred as a result of 
appearance of virus strains of new antigenic patterns rather than by reappear- 
ance of older strains after loss of population resistance. The findings in the 
sera of children indicate a decided lack of resistance to the older influenza 
viruses. The possibility exists that reappearance of one of these strains in 
virulent form could readily attack a large segment of the younger generation. 


16. CORRELATION OF INTRAVENOUS CHOLANGIOGRAPHY WITH 
LIVER FUNCTION TESTS 


JosEPH Brozpa, M.D. (By Inviration), AND DonaLp D. Kozouu. M.D.. 


Cuicaco, Iu. 


Cholografin (Squibb Iodipamide) was given intravenously in 40 ml. doses 
to 31 hospital patients. A preliminary hepatic profile consisting of the icteric 
index, alkaline phosphate, cephalin flocculation, thymol turbidity. gamma 
globulin, total serum protein, and total cholesterol was made. These were 
repeated at intervals when abnormal. A Bucky film technique was used with 
exposures of 50 ma. for two seconds at 55 to 65 kilovolts. Films were taken 
every ten minutes for at least sixty minutes. 

In four normal hospital control patients there was good visualization of 
the common bile duct and the gall bladder. Liver profiles were normal in 
these cases. In twelve cases of hepatic disease studied, the gall bladder 
visualized with low-grade jaundice present; the common bile duct also 
visualized with an icterus index of 15 to 18, There was no visualization of 
gall bladder or common bile duct with an icterus index of more than 18. The 
common bile duct and gall bladder did visualize with an alkaline phosphatase 
as high as 7.6 Bodansky units in this group of patients. Any elevation above 
1.25 mg. in the gamma globulin resulted in no visualization of gall bladder or 
common bile duct in this group. <Any elevation above 4 MacLagen units of 
the thymol turbidity in this group resulted in no dye visualized in gall bladder 
or common bile duct. 

In eight cases of pancreatic disease studied, it was found that any eleva- 
tion of the icterus index above 18 (two cases above 18 in this group) resulted 
in no visualization of the gall bladder or common bile duct. Elevation of the 
alkaline phosphatase above 7 resulted in no visualization of the biliary tree in 
this group. In two eases with an alkaline phosphatase of 7 the biliary tree 
did visualize. In seven patients of a miscellaneous group consisting of peptic 
uleers, gastrointestinal bleeding, and so on, there was visualization of the 
biliary tree with a gamma globulin as high as 1.70 mg. and a thymol turbidity 
of 7.7 MacLagen units. 
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17. THE EFFECTS OF THE INTRAGASTRIC ADMINISTRATION OF 
WHOLE BLOOD ON THE CONCENTRATIONS OF BLOOD AMMONTA, 
SERUM K, UREA, AND NPN IN PATIENTS WITH LIVER DISEASE 


CHARLES BurNSIDE, M.D. (By INviTatTIon), PHitiep Youne, M.D. (By 
INVITATION), Harvey C. KNOWLES, JR., M.D., AND LEON 
ScuiFr, M.D., CrncINNATI, OHIO 


In the decompensated cirrhotic, hepatic coma has been observed to follow 
upper gastrointestinal bleeding. Since the blood ammonia concentration is 
frequently elevated in patients with hepatic coma, observations were made of 
the effects of blood ingestion on ammonia and other constituents of the blood 
in normal individuals and in those with liver disease. Four normal healthy 
male volunteers were each phlebotomized of 500 ¢.c. of blood, and the blood 
was introduced into the stomach through a Levine tube. Six patients con- 
valescing from liver disease (4 with decompensated cirrhosis, 1 with hepatitis, 
and 1 with fatty liver) were each given 500 ¢.e. of banked human blood, in a 
similar manner. Following the ingestion of the blood, determinations of serum 
urea nitrogen, nonprotein nitrogen, potassium, and blood ammonia were 
made at intervals during a nine-hour period. Ammonia was determined by 
a modification of the microdiffusion method of Conway. 

In the normal individuals the blood ammonia rose from mean control 
values of 31 gamma per cent to a maximum of 53 gamma per cent within 
three hours, and returned to normal by the end of nine hours. Serum urea 
nitrogen, nonprotein nitrogen, and potassium concentrations increased slightly 
during the nine-hour period. In contrast, the 6 patients with liver disease all 
exhibited a rise in blood ammonia from control values of 40 gamma per cent 
to 180 gamma per cent within two hours. The ammonia remained elevated 
for an additional hour, then gradually returned to normal by the end of nine 
hours. The serum urea nitrogen increased slowly throughout the nine-hour 
period, but in no greater degree than in the controls. The serum nonprotein 
nitrogen and potassium rose slightly more than in the controls. Two of the 
patients with decompensated cirrhosis became drowsy when ammonia levels 
were maximally elevated. 

It is econeluded that the absorption of blood from the gastroenteric tract 
in liver disease results in abnormally high concentration of blood ammonia. 
In addition, there is a suggestive rise in serum potassium and nonprotein 
nitrogen probably mediated through collateral circulation. 


18. HIGH OUTPUT CARDIAC FAILURE: PREOPERATIVE AND 
POSTOPERATIVE STUDIES OF PATIENTS WITH 
PERIPHERAL ARTERIOVENOUS FISTULAS 


James A. CampsBELL, M.D., Joun S. GrareTrinceR, M.D. (By Ixviration), 
JosEPH J. MuENSTER, M.D. (By Invitation), AND CARLO S. 
Cueccuta, M.D. (By Inviration), Cuicaco, IL. 


Cardiovascular dynamies of five patients with peripheral arteriovenous 
fistulas have been studied. Four of these patients had had fistulas for over 
ten years. The fifth patient developed his lesion eight days prior to initial 
investigation. Clinical congestive heart failure was present in two patients; 
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by surgical correction of the defects cardiac competence was restored. Cardiac 
output, right and left ventricular work, pulmonary and peripheral resistance 
were determined at rest and during exercise. These determinations, as well 
as blood volume studies, were made both pre- and postoperatively in the four 
patients with high femoral traumatic shunts. In addition, several interesting 
physiologic changes were measured at the site of the fistulas during surgery. 

The cardiac indices at rest were elevated in all patients and ranged from 
4.88 to 6.59 liters per minute per M*. Postoperatively these indices decreased, 
ranging from 2.75 to 4.39 liters per minute per M*. During exercise, pre- 
operatively, cardiac outputs rose in those patients not in evident heart failure. 
In the two patients in whom congestive failure was apparent, the outputs 
decreased 14 per cent and 33 per cent. Postoperatively their cardiac outputs 
returned to normal and with exercise increased significantly. 

Vascular resistance in both the systemic and pulmonary circulations was 
normal to low in the three patients not in failure. In the decompensated 
patients, however, the locally low resistance at the site of the shunt demon- 
strated during surgery was far overshadowed by the markedly increased 
resistance in both the greater and lesser circulations. During exercise the 
patients without heart failure demonstrated no significant change, while the 
patients with heart failure showed still further increase in both pulmonary 
and peripheral resistance. This increased vascular resistance is found in 
patients with cardiac decompensation regardless of etiology. 

It is concluded that patients in cardiac failure from the added cireula- 
tory load of peripheral arteriovenous fistulas differ from patients with heart 
failure due to most other causes only in that they have a high rather than a low 
eardiae output. 


19. THE BILE ACIDS IN NORMAL HUMAN SERUM WITH 
COMPARATIVE OBSERVATIONS IN PATIENTS 
WITH JAUNDICE 


JAMES B. Carey, JR., M.D., JANIE FIGEN, B.S. (By Invitation), aANnp C. J. 
Watson, M.D., MINNEAPOLIS, MINN. 


A knowledge of the nature and concentration of bile acids in serum has 
long been expected to provide useful information concerning liver function, 
lipid transport, and the metabolism of such related sterols as cholesterol, the 
bile acid precursor. Recently developed methods for the differential analysis 
of the several bile acids have been applied to human serum. Bile acids previ- 
ously undescribed in normal human serum have been identified and compared 
with those in icteric serum. 

An aleoholie extract of serum, from which fats were removed with ethyl 
acetate, was chromatographed according to Sjovall’s methods using 70 per 
cent acetic acid as the stationary phase and mixtures of isopropyl-ether-heptane 
as the moving phase. Hydrolyzed portions of the extract were similarly 
chromatographed in systems suitable for unconjugated bile acids. The acids 
were identified on the paper by the antimony method as recently described 
by us. 

Normal human serum contained cholic acid (3, 7, 12 trihydroxycholanic 
acid) and chenodeoxycholie acid (3,7 dihydroxycholanie acid) in approxi- 
mately equal amounts, the former predominating. Only traces of deoxycholic 
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acid (3,12-dihydroxycholanic acid) were present. These cholanic acids occurred 
as conjugates of glycine and taurine, no free bile acids being found. The cholanic 
acids in serum are therefore the same as those described in gall-bladder bile by 
Wootton and more recently by Isaksson. The ratios of cholic: chenodeoxycholic: 
deoxycholic acids are approximately the same in normal serum as in bile. 


There have been 6 patients with jaundice thus far studied in whom the 
hepatocellular function was relatively less damaged than the cholangiolar 
function; 3 of these had extrahepatic biliary obstruction, 2 had primary 
biliary cirrhosis, and 1 had jaundice associated with chlorpromazine adminis- 
tration. The values for all the serum bile acids in this group greatly exceeded 
the values for the 15 normal subjects. An additional group of 7 patients with 
jaundice having more hepatocellular than cholangiolar damage had serum 
bile acid values within the normal range and some were low normal. It is 
recognized that with the study of patients having very severe liver damage 
a reduction of serum bile acids below normal may be expected. 


20. EXPERIMENTAL HYDRALAZINE DISEASE AND ITS SIMILARITY 
TO DISSEMINATED LUPUS ERYTHEMATOSUS 


PHILuIr CoMENsS, M.D., Str. Louts, Mo. 
(INTRODUCED By Harry L. ALEXANDER, M.D.) 


Hydralazine hydrochloride (Apresoline), a vasodilator drug used in treat- 
ment of arterial hypertension, was administered orally to eight normotensive 
dogs. Daily doses of 10 to 12 mg. per kilogram of body weight for one to 
eight months were given in an attempt to reproduce the ‘‘collagen-like’’ syn- 
drome found in patients taking this drug and clinically similar to disseminated 
lupus erythematosus. 


All animals lost weight and became weak. Anemia, leukopenia, hypo- 
cholesterolemia, and hyperglobulinemia were found in one or more. In all 
of four dogs, electrophoretic patterns showed increased beta, gamma, and 
alphas globulins with decreased alpha, fractions as compared with normal 
dogs. Zimmer and Hargraves’ standard method for demonstrating ‘‘L-E’’ 
cells produced only hematoxylin-staining bodies; therefore, a new technique 
was introduced. The noxious agent responsible for ‘‘L-E’’ cells is found in 
serum, since sera of patients with disseminated lupus produce “L-E” cells after 
incubation with normal human leukocytes. Canine blood was drawn, allowed 
to clot, centrifuged, and the serum used immediately or quick-frozen for later 
use. Heparinized human blood was centrifuged in a pair of Wintrobe tubes at 
2,000 r.p.m. for 10 minutes. Human leukocytes from the combined buffy coats 
were then mixed with 1 ¢.c. of canine serum and incubated for two hours at 37° 
C. After recentrifuging, duplicate smears were made from the cellular layer and 
fixed with Wright’s stain. Normal canine serum incubated with the same human 
leukoeytes served as controls. An “L-E” test by Zimmer and Hargraves’ 
method was made on each human donor to rule out undiagnosed lupus. 


Significant pathologic findings consistent with lesions of disseminated lupus 
were demonstrated by autopsies and renal biopsies. After 1 to 2 months of 
hydralazine administration, hematoxylin-eosin and periodic acid Schiff stains of 
kidney sections revealed prominence of the juxtaglomerular apparatus. Sections 
taken after 5 to 7 months showed marked acidophilic hyaline thickening of the 
basement membrane of glomerular capillaries producing the typical “wire-loop” 
effect. In animals that died after long periods of drug feeding, the “wire-loop” 
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effect was even more striking and almost aneurysmal in character, involving 
almost all the glomeruli. Attempts at reversal or inhibition of this svndrome 
are now in progress. 


21. THE INFLUENCE OF DIETARY CARBOHYDRATE ON THE 
DEVELOPMENT OF STARVATION DIABETES IN MAN 


JAMES W. Craic, M.D. (By Inviration), Max Miiuer, M.D., Witiiam R. 
Drucker, M.D. (By INviration), AND Hiram Woopwarp, JR., B.S. 
(By Invitation), CLEVELAND, OHIO 


Hill, Baker, and Chaikoff (J. Biol. Chem. 209: 705, 1954) concluded that 
the type as well as the quantity of dietary carbohydrate may influence the 
‘ate of utilization of subsequently administered glucose. Rats fasted for one 
day and then fed a diet whose sole carbohydrate was fructose for three days 
showed almost as great a diminution in tolerance for orally administered glu- 
cose as did rats fasted for four days; rats fed a diet whose sole carbohydrate 
was glucose served as controls. The altered tolerance was attributed to an 
impaired liver glucokinase activity, a manifestation of enzymatic adaptation 
to diet. If the phenomenon demonstrated in the rat occurred in other species, 
it might serve as an hypothesis to explain the development of starvation 
diabetes. 

The present experiments were designed to determine whether or not 
dietary fructose altered glucose tolerance in man. Four normal young male 
subjects were fed a diet whose sole carbohydrate was 200 or 250 Gm. of frue- 
tose daily for three days, after which an intravenous glucose tolerance test was 
performed. Tolerance tests were performed in the same subjects after three 
days on a diet whose sole carbohydrate was the same quantity of glucose. 
Control tolerance tests were also obtained in the same subjects on a normal 
diet containing the same quantity of carbohydrate in mixed form. In these 
four subjects, fructose feeding produced no significant alteration in the intra- 
venous glucose tolerance test. In similar experiments, no impairment of oral 
glucose tolerance was demonstrated after one day of fasting and three days 
of fructose feeding. 

In other human studies it has been found that the increase in the glucose 
coneentration of portal anastomotic vein blood after oral fructose administra- 
tion is only a fraction of that found after equal amounts of glucose. The failure 
to find an altered glucose tolerance after fructose feeding suggests that the 
lowered concentration of glucose in portal vein blood is not the determining 
factor in the production of starvation diabetes in man. Further experimentation 
is needed to clarify the role of liver glucokinase in the impaired glucose toler- 
ance found in human subjects after carbohydrate deprivation. 


22. INTRAESOPHAGEAL PRESSURES IN DIFFUSE SPASM OF THE 
ESOPHAGUS 
Brian CREAMER, M.D. (By INviratTion), F. EpmMuNpD DonoGHtr, M.D. (By 


INVITATION), AND CHARLES F. CopE, M.D., RocHESTER, MINN. 


The nature of the abnormal motility in 12 patients with ‘‘diffuse spasm”’ 
of the esophagus was investigated by measuring the resting and deglutition 
intraesophageal pressures. The pressures were determined by miniature 
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electromagnetic transducers placed directly in the esophagus or by an open- 
tip tube system connected with the electromagnetic transducers. 

The resting intraluminal pressures were found to be normal in all eases. 
After deglutition, abnormal pressure complexes were, however, recorded in 
all cases, even though some patients were symptom-free when examined. The 
amplitude and duration of the pressures attained in the abnormal complexes 
were greatly in excess of normal. Frequently, more than one peak was 
present, and some showed multiple repetitive contractions. In 5 of 7 eases in 
which measurements were made at many different levels throughout the 
esophagus, the abnormality was found to be localized to a short segment of 
about + to 6 ¢m. In the other 2 it was more diffuse, extending over 17 to 18 em. 
of the esophagus. In the affected segment, the normal sequence of primary 
peristalsis was replaced by contractions of irregular timing after deglutition. 
Most frequently the entire segment contracted simultaneously in advance of the 
normal peristaltic wave, and the abnormal contraction was still present when the 
peristaltic wave arrived at the segment. These abnormalities were accentuated 
and sometimes precipitated by a volume stimulus in the esophagus, whether 
this was material swallowed or injected through an esophageal tube. 

The recordings show clearly how these abnormal contractions cause a 
physiologie obstruction and why the syndrome may be accompanied by pain. 
They also indicate that the primary cause of the condition is often localized, 
rather than diffuse. 


23. STUDIES ON THE SPECIFICITY OF AUTOANTIBODIES IN 
ACQUIRED HEMOLYTIC ANEMIA 


LEonaRD V. Crow.ey, M.D., AND BertHa A. BouroNncLe, M.D., CoLUMBus, OHIO 
(INTRODUCED BY CHARLES A. Doan, M.D.) 


The autoantibodies in acquired hemolytic anemia have been considered 
capable of reacting “nonspecifically” with all human erythrocytes. However, 
recent evidence indicates that some patients with hemolytic anemia form anti- 
hodies against specific blood group antigens present in their own erythrocytes. 
Such specific autoantibodies do not react with all human erythrocytes but only 
with those red cells containing the antigens against which the autoantibody has 
been formed. The present study was undertaken to determine the frequency 
of specific autoantibody formation in patients with acquired hemolytic anemia 
due to warm autoantibody, and to observe the in vivo behavior of specific auto- 
antibodies on transfused erythrocytes. 

Twelve patients were studied. In all patients the direct Coombs test was 
strongly positive. In most patients free autoantibody was also detected in the 
serum by the indirect Coombs or trypsin technique. The patients’ sera and 
eluates prepared from the patients’ cells were tested against a panel of Group O 
erythrocytes of known antigenic structures by the indirect Coombs technique. 
Serum antibody titers against trypsinized cells were also performed. If the 
autoantibody reacted with some but not with all the test cells, a specific autoanti- 
body was suspected and the specificity was confirmed by testing with a larger 
panel. 

In nine patients, the autoantibody had no detectable specificity. Three 
patients formed specific autoantibody. In two patients, the autoantibody had 
the specificity of anti-e (hr’”). In one patient, the antibody had the specificity of 
anti-D (Rh,) and anti-E (Rh”). In the latter patient, an Ashby survival study, 
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employing O Rh negative blood, revealed a normal erythrocyte survival despite 
the continued activity of the hemolytic process. In contrast, Rh-positive cells 
were destroyed rapidly. 

These studies indicate that a significant proportion of patients with 
autoimmune hemolytic anemia form specific rather than nonspecific auto- 
antibody. Ashby survival studies suggest that properly selected transfused 
cells, lacking the antigens against which autoantibody has been formed, will 
survive normally in such individuals. These concepts are important not only 
for a better understanding of the nature of autoantibodies, but they also should 
be applied to the practical management of patients with autoimmune hemolytic 
anemia in whom transfusions are required. 


24. HYDRALAZINE REACTION: CASE WITH LE CELLS 
ANTEMORTEM AND POSTMORTEM, AND PULMONARY, 
RENAL, SPLENIC, AND MUSCULAR LESIONS OF 
DISSEMINATED LUPUS ERYTHEMATOSUS 


GustTavE J. DamMMIN, M.D., Jos—EpH R. Nora, M.D. (By INviITATION), AND JOHN 
B. RearpDaNn, M.D. (By Invitation), Boston, Mass. 


This case is of current interest because (1) it represents the first, to our 
knowledge, of the demonstration antemortem of the LE phenomenon in the 
peripheral blood, and postmortem of hematoxylin bodies and the LE phe- 
nomenon in the lungs, glomerulonephritis, periarteriolar increase of collagen 
in a laminated form in the spleen, and interstitial polymyositis in a patient 
with long-standing hypertension treated with hydralazine for over two years, 
and (2) of the recent observation by Comens, Perry, and Schroeder of the 
development of the LE phenomenon, hematoxylin bodies, and *‘wire-loop’’ lesions 
of the glomerular tuft in dogs receiving hydralazine. 

The patient was a 54-year-old man known to have hypertension since the 
age of 40. No specific complaints were related to the hypertension, until in 
January, 1953, at age 52, following a cholecystectomy and appendectomy, he 
had an episode of hypertensive encephalopathy. Hydralazine was prescribed 
and continued until admission to this hospital twenty-six months later. He 
returned to work in several months and except for two episodes of fever, 
chills, malaise, and nausea, was in fair health. For one month before admission 
to this hospital he remained at home because of nausea, weakness, and fatigue. 
On admission, BP was 200/80, there was a pericardial friction rub, a palpable, 
tender spleen, STS negative, hematocrit 20, WBC’s 3,600 cu.mm., PSP zero in 
two hours, BUN 106 mg. per cent, LE test positive, and the urine had two-plus 
protein, erythrocytes, and erythrocyte casts. Hydralazine was discontinued. 
After some temporary improvement, vomiting of altered and fresh blood 
occurred, there were hemoptyses and hematuria, and the patient died one 
month after admission. The BP had risen to 250/120, BUN to 212, LE tests 
continued positive, and the bleeding time was over 15 minutes. 

At postmortem, in addition to the findings mentioned previously, there were 
hemorrhages in the lungs, kidneys, and intestinal mucosa. There was hypo- 
plasia of the marrow, arteriolosclerosis but no necrosis of arterioles, and 
cardiac enlargement. 

The pattern of the clinical course and tissue reactions are interpreted as a 
hydralazine reaction in a patient with chronic hypertension. 
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25. THE ASSOCIATION OF 17-OH CORTICOSTEROIDS AND 17-OH 
CORTICOSTEROID GLUCURONIDES WITH PLASMA PROTEINS 
AND THE MECHANISM OF CORTICOSTEROID EXCRETION 


WintuiamM H. DauaguHapay, M.D., anp Rita Bremer, M.D. (By INviration), 
St. Louris, Mo., AND DENVER, CoLo. 


Association of 17-OH corticosteroids (17-OHCS) and 17-OH corticosteroid 
glucuronides (17-OHCS-Gluc) with plasma proteins has been investigated by 
dialyzing plasma from two normal subjects receiving cortisone and one patient 
with Cushing’s syndrome, against four volumes of phosphate-saline buffer pH 
7.4. After equilibrium the plasma and the dialysate were analyzed for 17- 
OHCS (ethyl acetate extractable) and 17-OHCS-Glue (ethyl acetate extract- 
able after hydrolysis with bacterial glucuronidase) using a modification of the 
Nelson procedure. The ratio, 17-OHCS in the dialysate divided by 17-OHCS 
in the plasma, was found to be from 0.04 to 0.07, A similar ratio for 17-OHCS- 
Glue varied from 0.31 to 0.53. The degree of protein-binding of 17-OHCS 
greatly exceeds that found when higher concentrations of hydrocortisone were 
dialyzed against plasma. A sharp increase in the association constant also 
occurred when concentrations of hydrocortisone less than 2 ng per milliliter 
were dialyzed against 3 per cent human serum albumin. 

Association of 17-OHCS with plasma proteins provides an explanation for 
the low renal clearance of these compounds. In five subjects the ratio, 17- 
OHCS clearance divided by endogenous creatinine clearance, varied between 
0.03 and 0.09 without exogenous cortisone, and 0.02 and 0.10 after the in- 
gestion of 75 mg. of cortisone acetate. In four of these subjects the clearance 
ratio for 17-OHCS-Glue was 0.61 to 1.47 before cortisone and 0.83 to 1.36 after 
cortisone loading. 

Corticosteroid clearance ratios were also determined after giving the 
tubular blocking agent Benemid, because the observed clearance ratio for 17- 
OHCS-Glue exceeded that which could be attributed to the filtration of un- 
bound 17-OHCS-Glue. The clearance ratio for 17-OHCS was unchanged after 
Benemid; however, the ratio for 17-OHCS-Glue fell 11 to 83 per cent to reach 
values of 0.24 to 0.67. Cortisone loading did not affect the results. One subject 
exhibiting anomalous basal clearances did not respond to Benemid. 


Conclusion.—At physiologic concentrations corticosteroids are largely loosely 
bound to plasma proteins. The 17-OH corticosteroid glucuronides are bound to 
a lesser degree. The low renal clearance of 17-OHCS ean be ascribed to protein- 
binding. Tubular excretion as well as glomerular filtration may be involved in 
the exeretion of 17-OHCS glucuronides. 


26. INHIBITORY EFFECT OF HEPARIN UPON ADENYLIC 
DEAMINASE 


KE. Grey Dimonp, M.D., Kansas City, KAn. 


During experiments designed to measure the blood ATP (essentially by 
the method of Kalekar), a wide variation was noted between samples depend- 
ing upon the presence or absence of heparin in the collected samples. Further 
study indicates that this inhibition is due to a marked effect of heparin on 
adenylie deaminase. Characteristics of the inhibition were determined: (1) 
The inhibition varies in degree with the quantity of heparin. Quantities in the 
order of 2.75 gamma/ml., 1.38 gamma/ml., and 0.138 gamma/ml. were quite 
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similar in degree of inhibition, while 33 gamma/ml. was markedly more active 
and 0.038 gamma/ml. was only very slightly inhibitory. (2) The inhibition 
was greatest in the initial 2 minutes, but inhibition persists for at least 45 
minutes, (Experiment terminated.) (3) Similarly electrically charged sub- 
stances, polyglutamic acid, and hyaluronic acid did not have this inhibitory 
effect. (4) There is no similar action of heparin on phosphoenol pyruvic 
kinase, hexokinase, phosphoglycerie mutase, or enolase. (5) Inhibition occurred 
with commercial heparin which contains phenol and with purified heparin 
(Abbott: serial number 660-7219, code 35310). 

From these experiments, it is concluded that in attempts to measure ATP 
it is desirable to use heparin-free preparations. This relationship between 
heparin and adenylic deaminase may offer the basis for a means of measuring 
heparin. 


DENSITY CHANGE OF AMP at 265 Mu DEMONSTRATING HEPARIN INHIBITION 














TIME | NO HEPARIN | WITH HEPARIN 
MINUTES | OPTICAL DENSITY 
0.00 1.32 1.33 
0.93 0.635 1.25 
1.88 0.570 1.2% 
2.88 0.550 ce ye 
3.88 0.540 1.15 
5.88 0.540 1.13 
8.88 0.540 0.99 





27. SERUM PROTEINS AND MUCOPROTEINS IN INFECTION 


Harotp L. Dopson, M.D. (By Inviration), RicHarp GRAHAM, M.D. (By 
INVITATION), AND ELLARD M. Yow, M.D., Houston, TEx. 


The changes in serum proteins and mucoproteins have been studied by 
means of filter paper electrophoresis in 62 patients with various infections. 
Cases of collagen disease, nephrosis, hypogammaglobulinemia, and leukemia 
complicated by infections are included. The infections were classified as viral, 
bacterial, tuberculous, fungus, and unclassified. The classic patterns of de- 
crease in albumin and increase in the alpha,, alpha., and gamma globulins was 
the most common change in the protein pattern especially with prolonged or 
recurrent infections. In at least 1 patient there was an intermittent hypo- 
gammaglobulinemia, and in a set of 12 patients with recurrent severe pyogenic 
upper respiratory infection the gamma globulin was low or low normal in 8 
and normal in 4+. Alpha,, alphas, and beta mucoproteins were normally pres- 
ent. In general, there was an increase in the alpha,, and alpha, components but 
this was very erratic. The most consistent increase in these components was 
seen in viral diseases, especially mumps. There was no change in the one 
patient with subacute bacterial endocarditis. With bacterial infection it was 
not unusual to see the alpha, glycoprotein increase rapidly with more gradual 
increase in the alphas. ; 

In general, there appears to be a positive correlation between the develop- 
ment of natural immunity and the increase in alpha mucoprotein but this is 
not applicable to individual eases. The development of small increases in 
gamma globulin is a normal response while excessive increases are a poor sigt. 
It also appears that certain individuals are able to maintain a low normal gamma 
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globulin which does not rise with their repeated pyogenic infections. In patients 
with nephrosis and in some patients with lymphomas, tendency to repeated in- 
' fections is apparently related to low serum gamma globulin. 


28. THE SURGICAL TREATMENT OF VENTRICULAR SEPTAL 
DEFECTS AND PULMONARY HYPERTENSION WITH THE 
AID OF THE MECHANICAL PUMP-OXYGENATOR 


JAMES W. DuSHANE, M.D. (By Invitation), Earn H. Woop, M.D., Pu.D., aNp 
JOHN W. KirRKLIN, M.D. (By Invitation), RocHESTER, MINN. 


Open intracardiac surgery for the repair of ventricular septal defects 
has been performed on 14 children. These are part of a group of 27 patients 
with various types of congenital cardiovascular malformations for whom open 
cardiotomy was accomplished with the aid of the mechanical pump-oxygenator. 
The 14 children with ventricular septal defects had significant symptoms, cardiac 
enlargement, and pulmonary hypertension. Each patient underwent cardiac 
catheterization preoperatively, and was studied during the operation by con- 
tinuous recordings of venous and arterial oxygen saturation and pressures, as 
well as by dye-dilution techniques and intracardiae pressures before and after 
the repair. 

Repair of the intracardiac malformations in each instance was achieved 
under direct visualization of the defect by open cardiotomy, the patient being 
supported by extracorporeal circulation through the mechanical pump-oxygena- 
tor. Adequate time was available in each case for accurate intracardiac surgery, 
the period of open ecardiotomy varying from 10 to 45 minutes. Patients whose 
operations entailed both extremes of time survived. 

Results of surgery in the 14 eases of ventricular septal defect will be dis- 
cussed, as well as additional cases in which operation is performed up to the 
time of presentation. Of the 14 children, 10 survived and 4 died. In every 
case the perfusion was satisfactory and the operation was successfully com- 
pleted. The 4 children who did not survive died in the postoperative period, 
death resulting from pulmonary complications. The condition of the living 
patients will be described briefly as to clinical response and changes in the dye- 
dilution and pulmonary arterial pressure recordings, as well as to some of the 
problems of postoperative management. 

The results of repair of ventricular septal defects obtained to date by this 
method indicate marked clinical improvement several weeks to months after 
the procedure. It is concluded that closure of these defects is the proper method 
of treatment for children who have clinical symptoms or roentgenographie or 
electrocardiographie evidence of cardiac disability resulting from the defect. 


29. THE RENAL WATER CONCENTRATION DEFECT IN PRIMARY 
ALDOSTERONISM: DIFFERENTIATION FROM DIABETES 
INSIPIDUS 


Harriet P, Dustan, M.D. (By Invitation), A. C. Corcoran, M.D., anp GorpoNn 
L. Farrevu, M.D. (By Invitation), CLEVELAND, OHIO 


Establishment of osmotic diuresis during hydropenia and/or Pitressin in- 
fusion permits measurement of the capacity for free water reabsorption 
(T'y.0) 3 electrolyte outputs tend also to constant levels and plasma clearances 


of PAH and mannitol ean be simultaneously measured. 
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These functions were tested in two patients with primary aldosteronism due 
to adrenal cortical tumor and in one in which this condition was strongly sus- 
pected. Aldosterone diacetate was isolated as a single compound by differential 
paper chromatography and acetylation of extracts of urine from one patient and 
was detected by bio-assay (courtesy of Dr. Jerome Conn) in two. 

These patients, like Conn’s, were unable to form concentrated urine and 
this defect was, by reference to other renal functions, disproportionately 
severe. Urines were persistently alkaline. The T°y,9 of normal subjects is 
about 5 ml. per 100 ml. of glomerular filtration per minute. In these patients, 
this function, measured as given previously, was slightly negative, indicating a 
slight net excretion of free water. This response differs from diabetes insipidus, 
in which, without Pitressin, T’y,o is severely negative and, with Pitressin, re- 
turns to a normal, positive level (Skillern, Corcoran, and Scherbel, 1955). In 
spite of hypokalemia, plasma K clearances were high and in one patient approxi- 
mated the rate of glomerular filtration. 

Hypertension was relieved in the two operated patients. In one, there was 
an unexpected increase in renal vascular resistance and decrease in Cpay. How- 
ever, Ty,0 in this patient was positive at 3.7 ml. per minute per 100 ml. of 
Cmannito:; Normokalemia, with decreased K clearance, and excretion of acid urine 
were established. 

The abnormalities in K clearance suggest that aldosterone may act by in- 
creasing the degree of ionization of intracellular K. The renal water defect 
resembles that seen in the so-called “diabetes insipidus” elicited by desoxycorticos- 
terone in dog and rat and by hypokalemia in the dog. This condition is shown 
to differ significantly from true diabetes insipidus. Last, excretion of alkaline 
urine with a disproportionate reduction in concentrating power (maximum 
osmolar U/P ratio) are found to be diagnostic signs of primary aldosteronism. 


30. DRUG THERAPY OF ESSENTIAL HYPERTENSION 
JosEPH C. Epwarps, M.D., Sr. Louis, Mo. 


Seventy-one patients with hypertensive disease, four of whom were in the 
accelerated or malignant phase, were treated for a period of three months to three 
years with aid of rauwolfia, veratrum, hydralazine, hexamethonium chloride, and 


pentolinium orally. Blood pressures were recorded in the reclining, sitting, and © 


standing positions two to three hours after a dose of ganglionic blocking agent 
in those who received these agents. 

Twelve of 23 patients failed to get a constant lowering of blood pressure 
on Rauwolfia serpentina extracts or reserpine alone. One got better results after 
the addition of protoveratrine, one after hydralazine, two with the addition of 
alkavervir fractions of veratrum, three only after addition of either hexa- 
methonium or pentolinium, and five patients required both hydralazine and 
pentolinium. 

Twenty-eight patients were treated with hexamethonium chloride and 
hydralazine orally; 20 had successful control and 8 failed in control. Success 
was measured by the reduction of supine diastolic blood pressure to 100 mm. Hg 
or lower and systolic blood pressure to 160 mm. Hg or less most of the time. 
Of the 20 patients who had successful control, 10 had diastolic blood pressures 
of 100 to 120 mm. Hg and 10 had above 120 mm. Hg and 4 from each group 
failed to get good control. 

Eleven of the 23 patients treated with pentolinium and the other drugs had 
diastolic blood pressures of 100 to 120 mm. Hg before therapy. Ten of these 
11 had satisfactory lowering of blood pressure and improvement in symptoms. 
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Twelve of the 23 on pentolinium had diastolic pressures above 120 mm. Hg. 
Nine of these had satisfactory control of blood pressure with hydralazine, pento- 
linium, and reserpine. 


Three patients developed severe depression with paranoid and _ suicidal 
trends while taking reserpine and had to have it discontinued. Five patients 
developed a rheumatoid or lupuslike febrile reaction with tender, swollen joints 
that disappeared when hydralazine was discontinued. The necessity of careful 
instructions to the patient in the pharmacology of these drugs, helping the 
patient in better emotional adjustment, and complete cooperation of the in- 
telligent patient when treated in the office or home is essential and cannot be 
overemphasized. 


31. RELATIONSHIP OF PANTOTHENIC ACID TO 
ADRENOCORTICAL HORMONE SECRETION 


ALBERT B. EISENSTEIN, M.D., St. Lous, Mo. 


The purpose of this investigation was to elucidate the relationship between 
pantothenic acid and adrenocortical hormone secretion. Previous observations 
had demonstrated that adrenal insufficiency occurs in animals deficient in this 
vitamin but methods of assaying secretion of cortical hormones were indirect. 
In an effort to determine cortical hormone production directly, a method has been 
developed which permits quantitative determination of steroids secreted by a 
single rat adrenal and has been used to determine functional status of the adrenal 
in pantothenic acid deficient animals. 


Weanling rats were fed a diet deficient in pantothenic acid. Pair-fed and 
ad libitum-fed controls consumed a similar diet which contained 1 mg. of 
pantothenic acid per 100 Gm. Animals were sacrificed after five weeks. Adrenals 
were removed, bisected, and individually incubated at 37° C. in a buffered 
medium containing ACTH. After two hours, steroids secreted were recovered 
and determined by a spectrophotometrie technique and by the Porter-Silber 
method. Spectrophotometrie determination detects steroids containing con- 
jugated, unsaturated bonds in ring A of the molecule and the Porter-Silber 
method measures compounds containing a 17, 21 dihydroxy-20-ketone side chain. 


Steroid secretion by pantothenie acid deficient animals was 40.1 + 3.05* 
ug per 100 mg. adrenal (spectrophotometric method) and 22.8 + 1.79 ng per 
100 mg. adrenal (Porter-Silber method). Corresponding values for pair-fed 
animals were 62.7 + 4.0 (spectrophotometric method) and 29.2 + 1.97 (Porter- 
Silber method). Differences in hormone secretion between these groups are 
Statistically significant (P = < 0.05). Steroid secretion by ad libitum-fed 
animals measured spectrophotometrically was 67.3 + 3.9 and is statistically 
different (P = < 0.01) from the deficient group. Cortical hormone production 
by ad libitum-fed animals and deficient animals is not significantly different 
when assayed by the Porter-Silber method. These data demonstrate that 
pantothenic acid is an essential substance concerned with elaboration of 
adrenocortical hormones. 

The metabolically active form of pantothenic acid, coenzyme A, par- 
ticipates in synthesis of adrenal steroids by promoting condensation of two 
carbon molecules. In pantothenic acid deficiency, the tissue content of 
coenzyme A is reduced, thus suggesting a possible mechanism for diminished 
synthesis of adrenocortical hormones. 





*Standard error of mean. 
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32. STUDIES ON EXPERIMENTAL ULCERATIVE COLITIS 


J. G. ELcHuEpp, M.D. (By Invitation), AND JOSEPH B. Kirsner, M.D., 
Cuicaco, IL. 


The possible role of tissue hypersensitivity in the pathogenesis of ulcerative 
colitis was investigated in studies to determine if immunologic reactions could 
produce an experimental counterpart of the disease in rabbits. Preliminary 
experiments dealt with the following: (1) production of antisera against 
normal and traumatized colon; (2) autosensitization by injection of suspen- 
sions of rabbit colon mucosa in combination with Staphylococcus toxin or 
Freund’s adjuvant, or by injection of colon mucosa suspensions via multiple 
portals; and (3) the Auer phenomenon, with localization of lesions in the colon. 
With the latter procedure, tissue ulceration and necrosis occur locally at a site of 
induced inflammation when antigen is given systemically to sensitized animals. 
Antisera production and auto-sensitization could not be demonstrated despite 
varied sensitization procedures or multiple portal injections for as long as five 
to seven months. 

The Auerphenomenon was studied in 75 rabbits sensitized to egg albumin. 
Two consecutive rectal flushes with 2 per cent Formalin constituted the 
standard irritant. Antigen subsequently was administered intravenously, 
intraperitonally, or by rectal injection at intervals ranging from fifteen minutes 
to three hours. Sensitized and nonsensitized controls received either Formalin 
rectally or antigen systemically ; nonsensitized animals also received the com- 
bined rectal irritant and systemic antigen. Under these conditions, the Auer 
procedure produced colon lesions ranging from severe hyperemia to hemor- 
rhage and ulceration. These lesions healed within one to three days, but with 
one or more subsequent injections of antigen they remained active for as long 
as seven to ten days. After healing, the colon mucosa was traumatized more 
easily by proctoscopy and by irritants than the normal bowel. Polyplike 
growths developed in the mucosas of some animals after several acute episodes 
of experimental colitis. The histologic findings included occasional vasculitis, 
extensive subepithelial thrombosis and hemorrhage, and characteristic non- 
specific inflammatory changes in the mucosa and submucosa. After repeated 
episodes of colitis, mucosal bridges, shallow craters with bases of active 
lymphoid nodules, and mucosal fibrosis were noted. These changes were not 
observed in the nonsensitized animals. The findings suggest that tissue hyper- 
sensitivity may contribute significantly to the development of an experi- 
mental colitis in rabbits. 


33. THE ASSOCIATION OF APC VIRUSES WITH RESPIRATORY 
ILLNESS IN A STUDENT POPULATION 


ALFRED 8. Evans, M.D., AND HELVISE Morss, M.A. (By Invitation), 
Mapison, WIs. 


Filterable agents, presumably viruses, which produce degeneration of 
tissue culture growth of human carcinoma cells (strain HeLa), human embryonic 
lung, and monkey kidney have been isolated from presumably normal human ton- 
sils and adenoids grown in tissue culture, and from throat washings of patients 
with respiratory illnesses. Studies of the immunology and host range have indi- 
cated that they were similar to a new group of agents isolated by Werner and 
Hilliman and Huebner and associates, and designated APC (adenoid-pharyngea!- 
conjunctival) agents. 
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To determine the frequency with which these agents were associated with 
sporadic illness in a student population, throat washings or throat swabs from 
168 febrile infirmary admissions were inoculated into HeLa cultures. Serial 
passages in tissue culture were made when suggestive or definite degeneration 
was observed. Complement fixation tests by a plate method have been carried 
out thus far on 71 paired serum samples from such individuals. Illnesses 
studied were predominantly respiratory. 

A cytopathogenie agent was obtained from 23 students. On the basis of 
the type of degeneration and rise in complement fixation titer, 8 were classified 
as belonging to the APC group. Six appeared to be herpes simplex, 3 mumps, 
1 chicken pox, and 5 are as yet unidentified. Five other individuals with nega- 
tive isolations had infections associated in the APC group on the basis of a four- 
fold or greater rise in complement fixation titer. Thus 8.5 per cent (14) of the 
168 patients studied have had illnesses associated with APC viruses. The 
clinical diagnoses in these patients were: acute upper respiratory infection, 5; 
pharyngitis and/or tonsillitis, 8; primary atypical pneumonia, 1; bronchitis, 1. 
Only 1 patient had conjunctivitis. No distinetive feature of the cases studied 
thus far has permitted a clinical diagnosis of an APC infection. Our results 
will be compared with those obtained in military populations. 


34. METABOLIC EFFECTS OF QUINIDINE IN NORMAL MEN 


STEFAN 8S. Fasans, M.D., LAwrENcE H. Louis, D.Sc. (By Invitation), 
HOLBROOKE S. SELTZER, M.D. (By INviratTIon), Rospert D. JOHNSON, 
M.D. (By INviTaTION), AND JEROME W. Conn, M.D., 

ANN ARBOR, MICH. 


After Furman and associates had reported that quinidine induces positive 
nitrogen balance, we began a series of metabolic balance studies intended to 
determine the mechanism by which this comes about. This study includes 14 
separate courses of quinidine in 6 healthy young men, The results can be 
summarized as follows: 


1. Nitrogen Balance.—Of a total of 12 studies on 4 men, positive nitrogen 
balanee was found only 4 times. Of the 4 studies indicating positive nitrogen 
balanee, 3 occurred in the same individual. The other man with a positive 
effect failed to show it in 2 of 3 runs. In 6 of the 12 studies, negative nitrogen 
balanee occurred when quinidine was discontinued. In only 2 of these in- 
stanees had there been preceding positive balance. 


2. Carbohydrate Tolerance.—Loss of CHO tolerance was a much more con- 
stant effect of quinidine. This occurred in 10 of 14 courses of quinidine, mild in 
6 and moderately severe in 4. In 3 subjects this persisted for from five to four- 
teen days after quinidine was stopped. Although impaired CHO tolerance oe- 
curred in the absence of positive nitrogen balance, presence of the latter was 
always associated with the former. 


3. Other Observations.—No significant alterations were observed in: (a) 
Metabolism of sodium, potassium or chloride; (b) exeretion of 17-hydroxy- 
corticoid, 17-ketosteroids, or urie acid; (¢) adrenal responsiveness to ACTH; (d) 
insulin sensitivity or serum phosphorus. 


Conclusions.—(1) Although quinidine may produce retention of nitrogen in 
Some people, this is an inconstant effect. (2) Impaired CHO tolerance is ob- 
served more frequently. (3) The metabolic effects of quinidine are not mediated 
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by the pituitary-adrenal system. (4) The constant association of decreased 
CHO tolerance and retention of nitrogen suggests an activity similar to that 
of growth hormone. 


39. BIOCHEMICAL CHANGES IN ERYTHROCYTES DURING 
HEMOLYSIS INDUCED BY ANILINE DERIVATIVES 


C. LARKIN FLANAGAN, M.D. (By Invitation), ErRNEst BEeuTLER, M.D. (By 
INVITATION), RayMoND J. DERN, M.D., Pu.D., AND ALF 8S. ALvine, M.D., 
CHIcaGo, ILL. 


The defect present in persons who develop an acute hemolytic anemia in 
response to primaquine therapy has been shown to reside in the erythrocyte. 
The hemolytic process is self-limited, complete clinical and hematological re- 
covery occurring despite continued administration of drug for an indefinite 
period. The mechanism of this self-limitation is one of selective destruction of 
the older cells of the erythrocyte population with replacement by younger 
cells from the bone marrow. Primaquine-sensitive cells are also sensitive to 
several other aniline derivatives. The usual clinical and hematological tests 
have disclosed no abnormalities of primaquine-sensitive cells, or their hemo- 
globin. But these cells have a consistently lower glutathione level than do 
nonsensitive cells. In the resting state, the reduced glutathione (GSH) of sensi- 
tive men averages 50 mg. per 100 ¢.c. packed red cells. In normal persons, GSH 
equals about 75 mg. per cent. 

Nonsensitive individuals exhibit no changes in glutathione level during 
administration of hemolytic aniline derivatives. In marked contrast, gluta- 
thione concentration of sensitive erythrocytes undergoes rapid change during 
acute drug-induced hemolysis. GSH drops precipitously, the average reaching 
30 mg. per cent at the nadir. This occurs in the first 2 to 4 days and is evident 
before hemolysis is signaled by destruction of Cr°!-labeled red cells, drop in hema- 
tocrit, rise in reticulocyte count, or appearance of dark urine or jaundice. By 
the time these changes occur, GSH has rebounded slightly to above the resting 
level. It remains there, returning to the base line over a period of several weeks. 

Primaquine-sensitive erythrocytes, therefore, differ in at least two respects 
from nonsensitive ones. First, their glutathione content is lower; second, a 
portion of this glutathione is vulnerable to destruction. These observations are 
compatible with the hypothesis that in normal cells glutathione is protected 
either by its geographical position within the cell, by being bound with some 
protective substance, or by lessened permeability of the cell membrane to toxic 
agents. Attempts to raise GSH level of sensitive erythrocytes in vivo have 
been made. Intravenous glutathione, oral cysteine, methionine, and choline 
were unsuccessful. 


36. THE ASSOCIATION OF LOW SERUM MAGNESIUM CONCENTRA- 
TIONS AND DELETERIOUS EFFECTS OF AMMONIA IN 
HEPATIC CIRRHOSIS 


Epmunbp B. Fink, M.D., THEopore J. Konic, M.D. (By INviration), AND 
JAMES L. Brown, M.D. (By Invitation), MINNEAPOLIS, MINN. 


A patient with alcoholic cirrhosis developed delirium, stupor, and tremor 
following the use of NH,Cl as a diuretic agent. The serum magnesium con- 
centration was 1.31 meq. per liter. The combination of low serum magnesium 
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and the development of delirium and tremor while receiving ammonium salts 
suggested the study of patients with cirrhosis during the administration of 
NH,Cl. 

Thirty-five patients with alcoholic cirrhosis were studied. Very ill patients 
were excluded. The degree of jaundice and presence of ascites were not reasons 
for exclusion from the study unless subjective symptoms were severe and neuro- 
logical symptoms were present. Ten grams of NH,Cl were given orally daily 
for ten days or longer. The patients could be divided into the following eate- 
gories: (I) Severe symptoms (confusion, delirium, or impending coma) neces- 
sitating stopping NH,Cl, 5 patients; (II) mild to moderate nervous and mental 
symptoms and signs not severe enough to stop NH,Cl, 5 patients; and (III) no 
nervous or mental symptoms, 25 patients. All in Group I were ill for several 
days, but no patient had remote sequellae from NH,Cl. The mean serum mag- 
nesium concentration of Group I (1.387 + 0.15 meq. per liter) is significantly dif- 
ferent statistically from that of Group IIT (1.94 + 0.31 meq. per liter) (P <0.01). 
The mean of Group II (1.65 + 0.25 meq. per liter) is also significantly different 
statistically from that of Group III (P value < 0.05). Generally speaking, 
iroup I patients had more severe impairment of liver function but, individually, 
no greater than many patients in Groups II and ITI. 

It is now well established that certain patients with cirrhosis develop tremor, 
delirium, or coma when given ammonium salts, urea, or high protein diets. The 
present study strongly suggests that there is a close association between low serum 
magnesium concentrations and the deleterious effects of nitrogenous compounds. 
Although there is some empirical evidence relating ammonia to magnesium 
metabolism, the reason for the NH,Cl sensitivity of patients with cirrhosis and 
low serum magnesium concentrations is not known. 


37. PHARMACOLOGY OF MECAMYLAMINE (INVERSINE) 


RaupuH Forp, M.D. (By Invitation), Epwarp Dennis, M.D. (By INvitaTIon), 
AND JOHN H. Moyer, M.D., Houston, TEx. 


When currently available ganglionic blocking agents are used for the treat- 
ment of hypertension, they produce a variable day-to-day reduction in blood 
pressure, due to incomplete and inconstant absorption of the drug from the in- 
testinal tract. Mecamylamine, a secondary amine, is the first known ganglionic 
blocking agent which is completely absorbed when given orally. The hemo- 
dynamie effects have been studied in the laboratory as well as in patients with 
hypertension. When administered parenterally to dogs, complete ganglionic 
blockade was established at a dose of 0.5 mg. per kilogram. It produced the 
same cardiovascular and renal hemodynamic effects on dogs that have been 
previously observed with hexamethonium and pentolinium. Mecamylamine 
was administered orally to thirty hospitalized hypertensive patients. The 
average single dose necessary to produce orthostatic normotension was 19 mg. 
(range 5 to 40), with an onset of action of 45 minutes (range 30 to 90), and a 
duration of action of 24 hours (range 18 to 36). One-third of the patients 
received the drug intramuscularly 2 days after the effective oral dose was 
established. The dose required to return the upright blood pressure to normo- 
tensive levels was the same by either route indicating its complete absorption 
from the gastrointestinal tract. The response to any given dose was variable 
from patient to patient, but within the same patient it was reproducible from 
day to day, thus minimizing one of the chief objections to ganglionic blocking 
agents. Side effects noted were evidences of either parasympatholysis (con- 
stipation, dry mouth, blurred vision, impotence), or peripheral anticholinergic 
action (museular weakness). However, none of these was nearly so prominent 
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as seen with the currently available quarternary ammonium compounds (hexa- 
methonium, pentolinium). Renal function carried out on patients who were 
treated for one month or more showed no depression of renal blood flow or 
glomerular filtration rate unless the blood pressure was returned to low normo- 
tensive levels, and then the glomerular filtration rate was slightly depressed. 
Thus, mecamylamine seems to be the most potent ganglionic blocking agent 
available with desirable pharmacodynamic attributes, making it the drug of 
choice in the treatment of patients with severe hypertension. 


38. USE OF METHYLENE BLUE AS AN INDICATOR FOR ARTERIAL 
DILUTION CURVES IN THE STUDY OF HEART DISEASE 


IRwIN J. Fox, M.P., Witu1Am P. Crow.ey, JR., M.D., aNp JosePH B. Grace, M.D., 
ROCHESTER, MINN. 


(INTRODUCED BY Howarp B. BurcHELL, M.D.) 


Methylene blue has been tried as a substitute for T-1824 to avoid bluish 
discoloration of the skin resulting from the multiple doses of Evans blue dye 
required for localization and quantitation of intracardiac shunts during cardiac 
catheterization. Dilution patterns were recorded by earpiece and cuvette 
oximeters after successive injection (average: six minutes apart) of similar 
doses of both dyes in 16 patients with heart disease and 10 normal persons. 

The time components of methylene-blue curves in normal persons were 
similar to those for T-1824; however, in equal doses methylene blue produced a 
peak deflection 1.8 (1.7 to 2.0) times greater than Evans blue. Thirty seconds 
after the peak deflection the concentration of methylene blue in arterial blood 
decreased to 2.8 (1 to 4) per cent of the peak as compared with 16.0 (12 to 20) 
per cent for T-1824, while simultaneously these concentrations at the ears 
averaged 15 and 18 per cent for methylene and Evans blue, respectively. These 
findings, along with the reduction or absence of a systemic recirculation peak 
in methylene-blue curves, demonstrated its rapid loss from the blood stream 
to the tissue. By means of the ear oximeter, methylene blue was uniformly 
demonstrated in ‘‘bloodless tissue’’ (pressurized ear) 2.4 (1 to 4) minutes 
after the intravenous injection (0.1 to 0.3 mg. per kilogram of body weight), 
while T-1824 could not be detected in bloodless tissue after similar periods. 

Comparison of the contours of arterial curves from nine patients with left- 
to-right shunts reveals the degree of prolongation of the disappearance slope 
typically seen with T-1824 to be diminished in methylene-blue curves. Dye con- 
centrations in arterial blood at 20 and 30 seconds, respectively, averaged 14 and 
9 per cent of peak concentration, compared with 42 and 34 per cent for T-1824. 

In this study methylene blue has proved to be a suitable indicator for the 
detection and localization of right-to-left shunts. 


39. PLASMA 17-HYDROXYCORTICOSTEROID AND BLOOD CELL 
CHANGES FOLLOWING X-IRRADIATION IN THE 
RHESUS MONKEY 


A. B. Frencu, M.D., C. J. Micron, M.D., L. T. SaMuELS, PH.D., AND 
J. Z. Bowers, M.D., Saut LAKE Crry, UTAH, AND Detroit, Micn. 
(INTRODUCED By G. B. Myers, M.D.) 


Plasma 17-hydroxycorticosteroid levels in the rhesus monkey, as in man, 
follow a rhythmie daily cycle, with maximal levels (50 y per 100 ml.) early in 
the morning and minimal evening levels (20 y per 100 ml.). Handling some- 
what modifies the cycle. ACTH administration or x-irradiation is followed by 
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a rise which is rapid, transient, and of twice the magnitude of the diurnal 
variation (100 y per 100 ml.). The rise following x-irradiation is related to 
dose and occurs when adrenals or pituitary are shielded so that it appears to be 
an indirect effect of x-irradiation. It is accompanied by granulocytosis, 
lymphopenia, and eosinopenia, all of which return to or toward normal within 
24 hours. In contrast to the early indirect ‘‘stress’’ effects of x-irradiation, 
the late direct effects such as pancytopenia are strikingly modified by shield- 
ing. 


40. VITAMIN B, METABOLISM IN THE POST-PARTUM PERIOD 


BEN I. FRrEpMAN, M.D. (By Invitation), Louis Becker, M.D. (By Invitation), 
CarRL THOMPSON, M.D. (By Invitation), AND RicHarp W. VILTER, M.D., 
CINCINNATI, OHIO 


Pyridoxine has been used empirically to control the nausea of pregnancy. 
Only recently evidence has been obtained suggesting that a defect in vitamin 
B, metabolism may occur during gestation. The most convineing data has 
been reported by Wachstein who showed that xanthurenic acid is excreted in 
abnormally large amounts in the urine of pregnant women after a tryptophane 
load. Relatively large doses of pyridoxine rectified this error. Such an ab- 
normality is one of the best biochemical signs of vitamin B, inadequacy. Large 
fetal demands and inadequate maternal diets have been considered the causes. 

In order to investigate the relationship between this error in tryptophane 
metabolism and pyridoxine economy during pregnancy, we have studied 31 
women in the first four days post partum, comparing xanthurenie acid excretion 
after a tryptophane load with vitamin B, urinary excretion and the level of 
vitamin B, in the skin obtained by biopsy during delivery. Blood levels were 
determined also, but, as in normal persons, were so low that they had no signif- 
icance. During the entire pregnancy, the subjects received a normal diet with- 
out vitamin B, supplements. 

The following tests were completed: In 9 women, urine xanthurenic acid 
levels, urine vitamin B, levels, and skin vitamin B, levels; in 14, urine 
xanthurenie acid levels and skin vitamin B, levels; and in 8, urine xanthurenic 
acid levels and urine vitamin B, levels. 

Of the 31 patients, 22 had abnormally large amounts of xanthurenie acid 
in the urine. However, women who had this defect had normal or high vitamin 
B, levels in urine and skin. When both determinations were made, high skin 
levels correlated with high urine levels. None had clinical manifestations of 
vitamin B, deficiency. 

The tryptophane-xanthurenic acid data substantiate an abnormality in 
pyridoxine metabolism during pregnancy. Vitamin B, levels in tissue (skin) 
and urine are normal or high. These data suggest the hypothesis that an un- 
known metabolic defect has increased the demand for vitamin B, at least insofar 
as tryptophane metabolism is concerned. No evidence suggesting tissue depletion 
of vitamin B, has been found. 


41. ALKALINE PHOSPHATASE ACTIVITY IN NEUTROPHILS 
AS STUDIED BY A SIMPLE SLIDE TEST 
Haroip Frost, M.D., DENVER, CoLo. 
(IntRopucED BY MartHew Buock, PxH.D., M.D.) 


Alkaline phosphatase in leukocytes is limited chiefly to the mature and 
juvenile forms of neutrophils. A ‘histochemical stain for this enzyme applicable 
to peripheral blood, introduced by Wachstein, has been adapted for the study 
of a variety of clinical conditions. 
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There was no phosphatase activity in any of the neutrophils in four cases 
of chronic myelogenous leukemia. Two per cent of the neutrophils in the fifth 
case had minimal activity. Of twenty-eight cases of leukemoid reactions 
studied, only one had less than 40 per cent of the neutrophils containing demon- 
strable enzyme. This occurred in a case of undiagnosed abdominal pain follow- 
ing a course of ACTH with a white count of 26,000, 11 per cent of which had 
enzyme activity. Included in the twenty-eight cases of leukemoid reactions 
were fifteen cases of suspected and unsuspected infections, four primary and 
one secondary polycythemia, four myeloid metaplasias, two Hodgkin’s diseases, 
and a rheumatoid arthritis. 

Two patients who developed acute myelogenous leukemia while under 
observation had no enzyme activity in their neutrophils either before or after 
the development of leukemia. 

Interpretation of the activity in patients with normal leukocyte counts has 
been more difficult. Fifty per cent of twenty-six young, healthy adults had no 
activity in any of their neutrophils. In this group there was a range from 0 to 
37 per cent of the neutrophils with enzyme activity. Eighty per cent of the 
neutrophils in ten women with uncomplicated pregnancies had activity. Three 
cases of persistent neutropenia of varied etiology showed widely varied 
amounts of activity. 

This test has been a reliable method of separating chronic myelogenous 
leukemia from leukemoid reactions. The lack of alkaline phosphatase activity 
in chronic myelogenous leukemia, as opposed to the normal or increased amount 
in polyeythemia vera and myeloid metaplasia is further evidence against the 
biological similarity of these three conditions. 


42. THE EFFECTS OF CORTISONE ADMINISTRATION ON SERUM 
LIPIDS AND LIPOPROTEINS IN ADRENAL HYPERPLASIA 


Rosert H. FurMAN, M.D., anp R. PALMER Howarp, M.D., 
OKLAHOMA City, OKLA. 


The excessive secretion of androgenic steroids in adrenal hyperplasia results 
in masculinization and high levels of urinary 17-ketosteroid excretion. Increased 
urinary estrogen exeretion noted by Wilkins and associates in this disorder sug- 
gests excessive estrogen secretion by the hyperplastic adrenal, but no estrogen 
effect on secondary sex organs is seen, presumably because of the antagonism 
of much greater amounts of androgen. Inhibition of pituitary ACTH synthesis 
appears to be the mechanism of action of cortisone in the therapy of this dis- 
ease. 

Previous ultracentrifugal studies from this laboratory have indicated that 
androgenic steroids reduce serum alpha, lipoprotein levels and decrease the 
alpha,/beta lipoprotein ratio, while estrogenic steroids increase serum alpha, 
lipoprotein levels and increase the alpha,/beta ratio. 

Ultracentrifugal determinations of serum lipoproteins in 37 blood samples 
have been made in two female subjects aged 6 and 20 years, respectively, with 
congenital adrenal hyperplasia. In the first patient observations include two 
courses of cortisone therapy. In the second patient observations were begun 
after cortisone therapy had been initiated, then continued while relapse oc- 
eurred following cessation of therapy. 

Cortisone administration resulted in significant increases in mean alpha, 
lipoprotein levels (172.5 + 8.6 mg. per cent to 236.5 + 38.0 mg. per cent and 
146.1 + 29.9 mg. per cent to 273.5 + 50.7 mg. per cent) and smaller increases in 
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beta lipoproteins (236.5 + 1.0 mg. per cent to 281.1 + 46.5 mg. per cent and 
211.3 + 45.3 mg. per cent to 326.5 + 70.4 mg. per cent). Cessation of cortisone 
therapy led to significant decreases in mean alpha, lipoprotein levels (236.5 + 
38.0 mg. per cent to 146.1 + 29.9 mg. per cent and 166.3 + 42.8 mg. per cent to 
117.5 + 19.9 mg. per cent) and smaller decreases in beta lipoproteins (281.1 + 
46.5 mg. per cent to 211.3 + 45.3 mg. per cent and 238.4 + 27.4 mg. per cent to 
208.5 + 20.1 mg. per cent). Total serum cholesterol concentrations varied with 
alpha, lipoprotein levels but cholesterol/phospholipid ratios were not altered. 

Changes in urinary 17-ketosteroid levels reflected these lipoprotein changes 
in the anticipated fashion, in one instance falling from a high of 55.2 mg. per 24 
hours before therapy to 2.6 mg. per 24 hours after 314 months of cortisone, 50 mg. 
per day. 

These data indicate that cortisone administration in adrenal hyperplasia 
leads to serum lipoprotein changes characteristic of androgen withdrawal. 


43. HYPERGLYCEMIA AND GLYCOSURIA AFTER INGESTION OF 
GLUCOSE BY AMBULATORY PATIENTS OVER 40 YEARS OF AGE 


PALMER H. FurcuHer, M.D., AaNp Davin M. Marcus, M.D. (By Invitation), 
BALTIMORE, Mp. 


We have attempted recognition of a stage of mild impairment of carbo- 
hydrate metabolism which has not yet precipitated symptoms of diabetes, in 
order that prophylactic measures may be instituted. Studied were 83 male 
and 97 female ambulatory patients from the middle or upper economic strata, 
aged over 40, undergoing diagnostic surveys in a university hospital clinic, 
and presenting either one of a variety of chronic complaints, or no complaints. 
None had been previously recognized as suffering from diabetes or had re- 
ported the classical symptoms of that disease. None presented a history of 
marked restriction of caloric intake or evidence of liver, thyroid, adrenal, or 
pituitary disease. The fasting venous blood sugar never exceeded 119 mg. per 
cent. Benedict’s test on the fasting urine was negative. There were 10 
Negroes ; 139 subjects were under 60 years of age. 

Without standardization of previous food intake, the fasting subject in- 
gested 100 Gm. of glucose. Two hours later, venous blood sugar was de- 
termined by the Folin-Wu copper reagent after tungstic acid precipitation, and 
urinary glucose by Benedict’s solution. Others report that normally the two- 
hour level falls below the range 120 to 140 mg. per cent. Of our 180 tests, the 
two-hour sugar level was observed to exceed 119 mg. in 56, or 31 per cent, 
ineluding 16 and 138 tests characterized by the ranges 140 to 159 and 160 to 
224, respectively. Of subjects manifesting abnormal elevations of blood sugar, 
a greater proportion were overweight than was the case with the normal group. 

Urine collected contained no sugar in 17 of the 27 tests associated with a 
blood sugar of 120 to 139 mg. per cent or in 10 of the 29 tests in which it 
exceeded 139. Benedict’s test was positive during 47 of the 180 tests, in- 
cluding 18 in which the two-hour level was below 120. 

The abnormal elevation of the blood sugar was doubtless sometimes due 
to unrecognized factors other than the metabolic defects characteristic of 
diabetes. It is proposed that subjects thus identified as manifesting possible 
impairment of metabolism be followed to determine what proportion later 
develops convincing manifestations of diabetes. 
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44, INDICATIONS FOR ADRENAL HORMONES IN THE TREATMENT 
OF INTRACTABLE CARDIAC EDEMA 


JoHN S. Gitson, M.D., ANp EpitH QUALLS, B.A., GREAT FALLs, MonT. 


(INTRODUCED By WriGHT ApAms, M.D.) 


Twenty-six cases of intractable cardiac edema treated with adrenal hor- 
mones are reviewed in an attempt to clarify indications for use of this para- 
doxical yet effective therapy. The cases were selected for this therapy only on 
the basis of poor response to intensive use of other orthodox forms of treat- 
ment. Nineteen cases improved remarkably with this therapy. Two cases died 
prior to completion of the course of hormone administration and 5 failed to 
show improvement despite completion of the course. 

Thorn tests made intramuscularly correlated best with response: In the 
19 cases of the improved group only one case improved coincident with a poor 
response to the intramuscular ACTH test. In 3 of the 5 failures the test was 
either negative to start or the eosinophils later rose to sustained high levels 
during the course of treatment. This poorly sustained drop in eosinophils 
during treatment could indicate inadequate adrenal gland response and could 
suggest that a change to cortisone from ACTH might yet have achieved suc- 
cess in these failures. 

Of the 5 failures, 4 were women with rheumatic valvular lesions and 
auricular fibrillation, whereas success was achieved in only 2 such eases. 

All 15 male patients obtained good response to the regimen, but only 2 of the 
15 had rheumatic valvular lesions. 

No other correlations were uncovered: 7 of the 19 successes were fibrillating. 
Ages ranged from 40 to 77 years. Duration of failure ranged from several days 
to several months. Low values for sodium were present in 2 of the 5 failures but 
also in 7 of the 19 successes. Kidney function appeared diminished in about 
half the eases, equally divided between successes and failures. 

It would appear that success in 19 of these 24 cases of previously intractable 
cardiac edema would justify this regimen. Women with long-standing rheu- 
matic heart disease and fibrillation would appear to be the group least likely to 
respond. A negative Thorn test of a poorly sustained drop in eosinophils would 
seem to signal a poor response and would suggest either more vigorous cortico- 
tropin therapy or the use of cortisone. 


45. THE ROLE OF ALDOSTERONE IN CONGESTIVE HEART FAILURE 
Epear 8. Gorpon, M.D., Mapison, WIs. 


It has been recognized for several years that the retention of water in con- 
gestive heart failure is not entirely a niechanical phenomenon and that failure 
of renal excretion of sodium contributes to the development of edema. More 
recently the participation of adrenal hormones in this mechanism has been 
identified, and the specific compound involved is now believed to be aldosterone. 
Quantitative assay of urinary salt-retaining potency from patients in congestive 
heart failure, regardless of its cause, regularly shows pathologically increased 
titers, often amounting to five to ten times the normal amounts. 
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The present study was planned to define more accurately the conditions of 
salt retention in this disease. Patients in congestive heart failure as a result of 
both rheumatic and hypertensive heart disease were studied under conditions of 
both sodium restriction and sodium loading. Twenty-four-hour urine specimens 
were measured for sodium-retaining potency before and during institution of a 
200 mg. sodium diet, and in response to the administration of sodium loads up 
to 6 Gm. daily. Technical methods are those which have been used in this 
laboratory for several years employing a bio-assay procedure on adrenalectomized 
rats. 

The results demonstrate markedly elevated levels of excretion of sodium- 
retaining hormone in all eases, which rise significantly upon sodium restriction 
in the same manner as seen in normal subjects undergoing sodium depletion. 
Administration of a salt load invariably leads to a fall in aldosterone excretion 
to levels comparable to or lower than those seen before salt restriction was in- 
stituted. Even after restoration of cardiac compensation by means of standard 
therapeutic measures, urinary levels of aldosterone remain pathologically 
elevated. Thus it seems probable that the increased excretion of this adrenal 
steroid, whatever its mechanism may be, becomes a permanent metabolie ab- 
normality which is not abolished by restoration of a compensated ecardio- 
vascular status. 


46. DEMONSTRATION OF A HEMOLYTIC PLASMA FACTOR IN 
UNTREATED PERNICIOUS ANEMIA 


Henry E. HAmitton, M.D., Raymonp F. SHEEts, M.D., AND 
EvMeEr L. DEGow!n, M.D., Iowa Crry, Iowa 


Previously the authors have shown that red cells of normal subjects, trans- 
fused to patients with untreated pernicious anemia, were destroyed at approxi- 
mately similar accelerated rates as those of patients with pernicious anemia 
transfused to normal recipients. This suggested that plasma of patients with 
untreated pernicious anemia has the capacity for damaging normal adult 
erythrocytes so that they are hemolyzed at accelerated rates in the normal 
circulation. The present studies were performed by placing washed normal 
erythrocytes in plasma, freshly drawn from patients with pernicious anemia, for 
18 hours at 2° C. to 5° C. and six hours at 20° C. The cells were then rewashed 
and transfused to normal subjects of heterologous blood group. The transfused 
cells in recipients were counted by Ashby’s method of differential agglutination. 

Normal cells, incubated at refrigerator temperatures in the plasma of one 
patient with pernicious anemia, were found to be randomly destroyed in a nor- 
mal recipient at a constant rate of 1.28 per cent per day. After incubation in the 
plasma of another patient, normal cells transfused to a normal recipient under- 
went constant random destruction at a rate of 0.86 per cent per day. Normal 
erythrocytes, similarly treated in normal plasma, survived without random 
destruction. No incompatible antibodies could be demonstrated by known 
methods. Furthermore, the survival curves were dissimilar to those obtained 
in another patient with pernicious anemia who developed an anti-hr’ (anti-c) 
agglutinin during an experiment. 

These observations indicate that the oligocythemia in pernicious anemia 
is caused partially or wholly by a hemolytic mechanism in the plasma. The 
environment may result from noxious substances or deficits of essential factors. 
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47. THE SITE OF ACTION OF HIGH BLOOD THYROXINE LEVELS 
IN BRINGING ABOUT THYROID GLAND INHIBITION 


G. W. Harris, M.D., S. REICHLIN, M.D., AND K. BRown-GRANT, M.B., 
LONDON, ENGLAND, AND St, Louis, Mo. 


(INTRODUCED By CaRL V. Moore, M.D.) 


The blood level of thyroid hormone is generally believed to be a major factor 
regulating the output of thyrotrophic hormone (TSH) from the anterior 
pituitary gland. This study was carried out in order to determine whether 
the thyroid gland inhibition that follows thyroxine administration is due to a 
direct effect of thyroxine on the thyroid gland, on the anterior pituitary gland, 
or upon some nervous mechanism influencing pituitary TSH release by way of 
the hypophysial-portal vessels of the pituitary stalk. 

Thyroid activity was measured in rabbits by determining the rate of re- 
lease of organically bound I'*' from the thyroid gland. This was accomplished 
by counting the radioactivity of the thyroid region of intact animals at twice- 
daily intervals, beginning 48 hours after the injection of 2 to 10 ne of radio- 
iodine. Using this method, it has been previously shown that the injection of 
100 ng of 1-thyroxine uniformly brings about inhibition of the thyroid gland 
for two to four days. (Brown-Grant, von Euler, Harris, and Reichlin, J. 
Physiol. 126: 1-28, 1954). The effect of thyroxine injection in normal animals 
was then compared with the effect of thyroxine in animals subjected either to 
hypophysectomy or section of the pituitary stalk. Regeneration of portal vessels 
was reduced or prevented by the use of a paper plate between the cut ends of the 
stalk. In 14 experiments on 7 hypophysectomized animals, 100 ng did not alter 
the rate of release of thyroidal I'*! indicating that at this dosage level, there was 
no direct effect of thyroxine on the thyroid gland. Thirty-nine rabbits with 
stalk section were tested in 58 experiments, and, in every rabbit, inhibition 
of thyroid activity was noted on at least one occasion, even in those animals 
with histologic proof of completeness of stalk section without portal vessel 
regeneration. 

It is concluded from these experiments that thyroxine is capable of re- 
dueing TSH output through its direct effects on the anterior pituitary gland. 
The possibility that other stimuli may influence TSH release by way of the 
pituitary stalk is not, however, excluded. 


48. AGGRAVATION OF CLINICAL MANIFESTATIONS OF FOLIC ACID 
DEFICIENCY BY THE ADMINISTRATION OF SMALL DAILY DOSES 
OF VITAMIN B,, 


JOHN W. Harris, M.D., CLEVELAND, OHIO 
(INTRODUCED By CHARLES H. RAMMELKAMP, JR., M.D.) 


Severe glossitis, atrophy of lingual papillae, and cheilosis developed in 
two patients with ‘‘megaloblastic anemias’’ during therapy with small daily 
doses of vitamin B,.; folie acid promptly reversed these deficiency manifesta- 
tions. 

A 69-year-old woman presented with a macrocytic anemia (4.3 Gm. hemo- 
globin per 100 ml.) associated with leukopenia, thrombocytopenia, and a 
megaloblastic bone marrow. Because the food intake had been extremely 
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limited and because the gastric juice was normal in appearance, volume, pH, 
and free acidity, she was considered to have a nutritional megaloblastic anemia 
secondary to a dietary lack of folic acid or vitamin B,,. (extrinsic factor) or 
both. Euglena gracilis assay showed no detectable serum B,, activity. During 
the parenteral daily administration of 1 »g of vitamin B,, a suboptimal reticulo- 
cyte response occurred concomitantly with the development of painful glossitis 
and a cheilosis which cracked and bled. Five milligrams of folie acid orally 
daily produced a dramatic subsidence of the painful glossitis and cheilosis and 
an excellent reticulocyte and hematological response. 


A 67-year-old man presented with typical blood, bone marrow, and gastric 
findings of untreated pernicious anemia (2.9 Gm. hemoglobin per 100 ml.). 
Oral test fraction of a vitamin B,,-intrinsie factor preparation was given daily 
for two weeks. This produced a satisfactory hemopoietic response, but 
moderately severe glossitis and cheilosis developed. One microgram of vitamin 
B,. intramuscularly was given daily and although the painful aspect of the 
glossitis subsided the atrophy increased in extent and degree and the cheilosis 
progressed to bleeding and cracking. Fifteen milligrams of folie acid were 
given orally daily; by the fifth day of this therapy the lingual manifestations 
and cheilosis had completely subsided. Neither antibiotics nor nutritional 
factors other than vitamin B,, and folie acid are believed to have played a 
role in the deseribed changes. 


In these patients the administration of small doses of vitamin B,, pre- 
cipitated and aggravated the manifestations of folic acid deficiency. These 
observations provide additional evidence for a reciprocal relation between 
vitamin B,, and folic acid in the metabolic chain resulting in the production 
of nucleic acids. 


49, NUCLEOPHAGOCYTOSIS AND HYPERSENSITIVITY 


Pau. HELLER, M.D. (By Invitation), Anp H. J. ZIMMERMAN, M.D., 
CHICAGO, ILL. 


It has been shown previously that nucleophagocytosis can be produced 
by the incubation of leukocytes with antileukocytic rabbit serum. Nucleo- 
phagocytes can also be seen in positive and negative L.E. preparations. To 
study the incidence and significance of nucleophagocytosis, L.E. preparations 
of 336 individuals were analyzed. These included normal persons, patients 
with various diseases, those receiving penicillin, and those with hypersensitivity 
reactions. Three types of nucleophagocytes were distinguished: (1) the 
phagocytizing monocyte (Hargraves ‘‘Tart’’ cell) ; (2) the phagocytizing poly- 
morphonuclear leukocyte with a secondary nucleus with well-preserved 
chromatin pattern (‘‘A’’ cell); (3) a similar cell, resembling the L.E. cell, 
but with differences which will be described (‘‘B’’ cell). 


‘Tart’? and ‘‘A’’ cells were seen in all normal individuals, ‘‘B’’ cells 
were seen in 5 per cent of this group. The same incidence of ‘‘B’’ cells was 
found in patients with various infections before the use of penicillin. There 
was only a slight increase in the incidence of ‘‘B’’ cells after penicillin therapy. 
In 43 patients with reactions to penicillin and other drugs the incidence rose 
to 32 per cent. In one patient with a severe penicillin reaction and in one 
patient with side effects to hydralazine, true L.E. cells were also seen. 

During the period of this study the L.E. test was performed in 126 
patients for diagnostic reasons. In 3 patients L.E. cells were demonstrated. 
In 2 the clinical picture was consistent with a diagnosis of systemic lupus 
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erythematosus. In a third patient reported elsewhere, a diagnosis of post- 
necrotic cirrhosis was established. Nucleophagocytes of the ‘‘B’’ type were 
also seen in these 3 patients. In 13 patients with similar syndromes these cells 
were seen without L.E. cells. 

The significance of these observations will be discussed with special con- 
sideration for the relationship of the L.E. cell-phenomenon to nucleophago- 
eytosis and of hypersensitivity to L.E. 


50. ESTIMATION OF CATECHOL AMINES IN URINE BY MEANS OF A 
RABBIT AORTIC STRIP AS AN AID TO THE DIAGNOSIS 
OF PHEOCHROMOCYTOMA 


O. M. HELMER, PH.D., INDIANAPOLIS, IND. 


Epinephrine and norepinephrine can be assayed quantitatively by their 
action on spirally-cut strips of rabbit thoracic aorta as described by Furchgott. 
It was felt that such a preparation might be a satisfactory means of estimating 
the catechol amines in urine of patients suspected of having a pheochromo- 
cytoma. Very small amounts of urine are necessary for the test because of an 
unknown factor or factors in urine which enhance the contraction induced by 
epinephrine. With sensitive aortic strips, as little as 0.02 to 0.04 ml. of urine 
caused a marked contraction. The urine from two patients, who were later 
proved by surgery to have pheochromocytoma, had concentrations of catechol 
amines 19 to 100 times that found in normal urine. In urine obtained from 
one of these patients after the operation, a normal amount of contractile-in- 
ducing material was found. The contraction produced by the urine of patients 
with pheochromocytoma ean be abolished by pretreating the strip with Diben- 
amine, indicating the specificity of the test. The urine of smokers did not 
cause a greater shortening of the strip than that of nonsmokers. Patients 
with essential hypertension so far tested have had a normal concentration of 
catechol amines in their urine. If the urine is adjusted to pH 3.5 with sulfuric 
acid, the catechol amines are stable enough so the urine can be shipped by 
mail. Since such a small aliquot of urine is necessary for the test and since 
several assays can be done in a day, this test should prove to be an aid to the 
diagnosis of pheochromocytoma. 


51. THE EFFECT OF ORAL ETHYL ALCOHOL ON HEPATIC 
TRANSAMINASE AND CHOLINE ESTERASE ACTIVITY 
AND PYRUVATE CONCENTRATION IN THE RAT 


KeitH S. Henuey, M.R.C.P. (By Invitation), AND H. Marvin Pouuarp, M.D., 
ANN ARBOR, MICH. 


To determine whether ethyl alcohol acts directly on the liver, three groups 
of seven rats received tap water, 10 per eent alcohol, and 20 per cent alcohol, 
respectively, as the sole source of fluid while on an unrestricted fluid intake 
for sixteen days. The animals were then sacrificed, following which the ratio 
of liver to body weight was determined for each animal, and a specimen of 
liver from one member of each group was examined histologically. The glu- 
tamic oxalacetic transaminase activity (GOT) and pyruvate concentration were 
determined in blood and liver homogenate, the acetyl choline esterase on liver 
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homogenate, and the glutamic pyruvic transaminase activity (GPT) on homog- 
enate prepared from liver and from heart muscle. The activity of the 
transaminases and the concentration of pyruvate were estimated by the lactic 
acid dehydrogenase method, the choline esterase by the method of Michel. 

From these studies two distinct sets of results emerged. (1) Evidence for 
a direct action of alcohol on the liver was suggested by the following findings: 
Compared with the control animals, and despite a gain in weight in all three 
groups, the aleohol-fed animals showed a decrease in the ratio of liver to body 
weight, which was statistically significant, their livers showed fatty changes, 
not present in the controls, and exhibited a very marked decrease in choline 
esterase concentration. Furthermore, the animals receiving 20 per cent alcohol 
showed a significant increase of hepatic GPT activity and a near significant 
increase of hepatic GOT activity as compared with the controls, while the 
GOT activity of the blood and the GPT activity of heart muscle was nearly 
equal in all three groups. (2) The finding of significantly raised blood pyru- 
vate in the aleohol-fed animals, which was reflected in similar changes in hepatic 
pyruvate concentration, suggests possible pathways in the intermediary 
metabolism of alcohol other than those previously accepted. 


52. IDIOPATHIC HYPOPROTEINEMIA: DESCRIPTION OF TWO CASES, 
STUDIES OF THE FATE OF INTRAVENOUSLY ADMINISTERED 
HUMAN SERUM ALBUMIN, AND POSSIBLE TREATMENT 
WITH HYDROCORTISONE 


Puitie H. HENNEMAN, M.D., AND FULLER ALBRIGHT, M.D., Boston, Mass. 
(INTRODUCED BY ARTHUR A. HoLpBrook, M.D.) 


We have studied two young men presenting recurrent superficial phlebitis, 
edema, and panhypoproteinemia without evident liver, renal, or gastrointesti- 
nal disease. The first patient has had a spontaneous remission of hypo- 
proteinemia with the onset of acute glomerulonephritis; the second patient has 
enjoyed a remission initiated by discontinuance of large doses of hydrocorti- 
sone. 


Following the intravenous administration of human serum albumin one 
may calculate three fates of albumin from balance study data. From the in- 
crease in urinary nitrogen one may calculate the albumin ‘‘burned’’; from 
the retention of phosphorus one may calculate the ‘‘conversion to protoplasm’’ 
of the phosphorus-free albumin; the unaccounted-for albumin is assumed to 
be ‘‘unehanged’’ albumin. The first patient with hypoalbuminemia demon- 
strated excessive ‘‘burning’’ of intravenously administered albumin. Since 
albumin probably must enter cells along with intracellular electrolytes (‘‘con- 
version’’) prior to ‘‘burning,’’ it is assumed that excessive ‘‘conversion’’ 
rather than faulty synthesis explained his hypoproteinemia. The second 
patient demonstrated excessive ‘‘conversion”’ of albumin during three balance 
studies but did not also present excessive “‘burning”’ of the ‘‘converted’’ albu- 
min. 

Thus the cause of hypoproteinemia in this disease is probably excessive 
conversion of serum albumin to protoplasm rather than faulty synthesis, as 
postulated in liver and gastrointestinal disease, or increased excretion, as 
observed in nephrosis. 
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53. A RATIONALE FOR MODIFICATION OF INFLUENZA VIRUS 
VACCINES DERIVED FROM EXPERIMENTS IN MAN 


ALBERT V. HENNESSY, M.D. (By INviraTion), AND FRED M. Davenport, M.D., 
ANN ArRsor, MICH. 


Strains of influenza viruses A and B have varied antigenically from year 
to year since the original strain of each type was identified. Yet but in a single 
instance was it found that vaccine made from strains isolated in previous years 
(1934 and 1943) failed to induce antibody to, or protection against, the pre- 
vailing virus. The results of the present studies, in which over 1,000 persons 
in three age groups were vaccinated with one of eight experimental vaccines, 
demonstrate that antibodies against strains of influenza A-prime isolated from 
1947 to 1955 are still induced by adequate amounts of vaccine prepared with 
a 1947 strain (FM1). In contrast, antibodies to recent strains of influenza B 
are relatively low following vaccination with a 1940 virus (Lee). Hence, it 
would appear logical and timely to alter the vaccine formula by adding a 
recent strain of influenza B, but not of influenza A-prime. 

In addition, the results of vaccine experiments in children, military re- 
eruits, and persons over 30 years demonstrate that excellent antibody response 
to viruses prevalent during the childhood of each of these cohorts of the 
population may be achieved by giving strains encountered after childhood. 
However, in order to induce antibody against strains not previously experi- 
enced, those viruses must be included in a vaccine. Therefore, to achieve for 
all ages by vaccination that broad spectrum of antibodies characteristic of the 
older segment of our population whose resistance to influenza is greatest, a 
polyvalent vaccine composed of swine (1931), PR8 (1934), FM1 (1947) strains 
of influenza A, and Lee (1940) and Great Lakes (1954) strains of influenza B 
is required. 


54. STUDIES ON THE SECRETION OF ACID, WATER, AND 
PEPSINOGEN BY THE HUMAN STOMACH 


B. I. Hirscnowrirz, M.D., anv J. Lonpon, B.A., ANN Arzor, Micu. 
(INTRODUCED BY PauL S. Barker, M.D.) 


Two problems were studied concurrently in the present investigation. One 
was whether histamine stimulates the true secretion of gastric pepsinogen, or, 
as is currently believed, simply washes out preformed pepsinogen from the 
canaliculi by the increased flow of acid water. The second was to determine 
whether the mechanism of action of histamine, in stimulating the gastric 
secretion of water, acid, and pepsinogen differed from that of the vagus. 

Volume, acid, and pepsin were measured in one-half-hourly samples of 
continuously aspirated gastric juice over periods of 4 to 14 hours in 20 normal 
human subjects under basal conditions; during long-continued intravenous 
histamine administration; during vagal-stimulation with intravenous aleohol 
or hypoglycemia; and during atropine, hexamethonium, or Diamox depression 
of basal or stimulated gastric secretion. 

The output of pepsin and of acid correlated in a linear fashion over the 
whole range of basal, depressed, and stimulated gastric secretion, even in the 
most prolonged experiments. If the secretion of pepsin were increased due 
merely to the washing-out of preformed pepsinogen from the canaliculi, the 
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output of pepsin would eventually lag behind that of acid. That this did not 
happen indicated that the increased pepsin output during continuous hista- 
mine stimulation was due to a true stimulation as it is with vagal stimulation, 
differing only in a degree. 

Atropine, given under basal conditions or during vagal stimulation of 
gastric secretion, reduced equally the volume, acid, and pepsin, indicating the 
cholinergic mechanism involved. However, under the same conditions, car- 
bonie anhydrase inhibitor (Diamox) significantly reduced the concentration 
of HCl, leaving the volume and pepsin almost unaffected, indicating the 
partial or complete dependence of this cholinergic mechanism upon carbonic 
anhydrase to stimulate HCl production. 

On the other hand, adequate atropinization during histamine stimulation 
reduced the gastric juice volume and pepsin concentration, leaving HCl con- 
centration unchanged or increased, while, under the same conditions, Diamox 
reduced the acid concentration significantly, leaving volume and pepsin sub- 
stantially unaffected. 

These results indicate that histamine stimulated the secretion of water and 
of pepsinogen through a cholinergic mechanism while effecting HCl stimula- 
tion through carbonic anhydrase without the intervention of any cholinergic 
mechanism. 


5). THE ‘‘CORRECTED’’? BROMSULFALEIN TEST; A COMPARISON 
WITH THE CEPHALIN-CHOLESTEROL FLOCCULATION TEST AND 
THE THYMOL TURBIDITY REACTION IN JAUNDICED 
PATIENTS 


I. W. Horrsaver, M.D., CHARLES MetzuerR, M.D. (By InvitaTION), AND ELLIS 
Benson, M.D. (By Invitation), MINNEAPOLIS, MINN. 


The Bromsulfalein test is generally assumed to be of little value in the 
presence of jaundice. Zieve, Hanson, and Hill (J. Las. & Ciin. Men. 87: 40, 
1951) proposed a ‘‘correction factor’’ said to allow one to calculate the Brom- 
sulfalein value in jaundiced patients that would have been obtained had 
significant hyperbilirubinemia not been present. During the period 1951 to 
1954, the standard Bromsulfalein test was performed on jaundiced patients 
studied at the University of Minnesota Hospitals. The values were ‘‘corrected’’ 
according to the deseribed formula. The results in 111 icteric patients (1’ 
serum bilirubin 1 mg. per 100 ml.) have been analyzed. Extrahepatic biliary 
obstruction was present in 42 instances (cancer, 26; stone, 16); 69 patients 
had parenchymal liver disease (viral hepatitis, 26; cirrhosis, 43). 

The ability of a test to discriminate “medical” (parenchymal liver disease) 
from ‘‘surgieal’’ (extrahepatic biliary obstruction) types of jaundice is a 
practical means of evaluating the merit of a procedure. The corrected BSP 
test was compared with the twenty-four-hour cephalin-cholesterol flocculation 
(CC) and the thymol turbidity test (TT). In parenchymal jaundice, tests 
were termed ‘‘informative’’ (BSP, corrected, 20 per cent; CC, 3+ or 44+; TT, 
7 units) or ‘‘misleading’’ (BSP, corrected, 10 per cent; CC, 0 or 14+; TT 5 
units). In obstructive jaundice results were termed: ‘‘informative’’ (BSP, 
corrected, 10 per cent; CC, 0 or 1+; TT 5 units) or “misleading” (BSP, 
corrected, 20 per cent; CC 3+ or 4+; TT 7 units). Intermediate values were 
termed ‘‘equivoeal’’ (BSP, corrected, 11 to 19 per cent; CC, 2+; TT, 5, 6, 7 
units) in either type of jaundice. 
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All three tests lack precision. As indicated, the corrected BSP test had 
less power of discrimination than did the CC or TT tests. 

















PER CENT PER CENT PER CENT 

INFORMATIVE EQUIVOCAL MISLEADING 
BsP* | cc | fT __ ale ER BsP* | cc | ‘TT 
Parenchymal 63 78 65 17 9 22 19 13 13 
Obstructive 40 71 74 26 19 16 33 10 10 





*Corrected for level 1’ serum bilirubin by Zieve and co-workers’ formula. 


56. PHARMACODYNAMIC STUDIES ON THREE GANGLIONIC 
BLOCKING AGENTS USED IN THE TREATMENT OF 
HYPERTENSION 


SrstEY Hoosier, M.D., Paut Cortier, M.D. (By INviraTION), JOHN WELLER, 
M.D. (By Invitation), AND Joser SmituH, M.D. (By Invitation), 
ANN ARBOR, MICH. 


Observations on 15 patients treated with oral mecamylamine (Inversine) 
for 7 ‘to 9 weeks and on 12 patients treated with oral or parenteral tetra- 
chloroiso-indoline d-methochloride (Eecolid) for 15 to 30 weeks will be con- 
trasted with observations on 31 patients treated with pentolinium (Ansolysen). 
The response to Inversine, 10-20 mg. daily, was less predictable but when effec- 
tive produced less dizziness and fatigue, somewhat less constipation and pupil- 
lary inhibition than was the case with pentolinium. Oral Ecolid, 50 to 150 mg. 
twice daily, had a more prolonged ganglionic blocking effect than pentolinium, 
produced a greater pupillary paralysis, but otherwise resembled pentolinium in 
its therapeutic and side actions. Subcutaneous injections of Eeolid (1 to 15 
mg. twice daily) resulted in prolonged and predictable blood pressure reduction 
and was especially useful in patients with cardiac and renal failure and in the 
prevention of impending encephalopathy. 

In an attempt to determine the extent to which decline in peripheral re- 
sistance and reduction in cardiac output contribute to the reduction of blood 
pressure achieved by ganglionic blockade, the hemodynamic response to pento- 
linium was measured in the sitting posture both after acute subeutaneous and 
chronic oral administration. Cardiac output was measured by the Hamilton- 
Stewart principle, using radioiodinated human serum albumen as the tracer 
substanee. This technique permitted multiple successive determinations on the 
same subject. 

In acute studies on five patients, the mean blood pressure fell 36.7 per 
cent, cardiac index 36.4 per cent. 

In the chronic studies, after 6 to 128 days, in six patients, these same 
indices remained depressed in every instance. The relation between the pre- 
treatment and posttreatment values averaged —24.1 per cent for the mean 
blood pressure and —25.9 per cent for the cardiac index. In one patient, 
maintained on ganglionic blocking agents -for more than 2 years, the rise in 
blood pressure following discontinuance of treatment resulted in hemodynamic 
changes in the opposite direction. 

These data indicate that orthostatic blood pressure reduction with a 
ganglionic blocking agent such as pentolinium bitartrate is accomplished 
largely by a reduction in cardiac output and not by a decline in peripheral 
vascular resistance and that over a reasonable period of time no compensatory 
mechanism is activated to restore cardiac output to pretreatment values. 








’ 
9 


iT 





Volume 46 PROCEEDINGS OF TWENTY-EIGHTH ANNUAL MEETING 829 


Number 5 


57. IRON-REFRACTORY HYPOCHROMIC ANEMIA RESPONDING TO AN 
ORAL CRUDE LIVER PREPARATION 


DANIEL L. Horrigan, M.D., RicHarp M. WuirtineTon, M.D., RussELL WEISMAN, 
JR., M.D., AND JOHN W. Harris, M.D., CLEVELAND, OHIO 


(INTRODUCED By Oscar D. Ratnorr, M.D.) 


Two patients with severe anemia refractory to vitamin B,., folacin, Leuco- 
vorin, and iron have been observed. In each instance, clinical and hema- 
tological response followed oral administration of crude liver extract. In both 
patients the anemia was hypochromie and normocytic. Reticulocyte, leuko- 
cyte, and thrombocyte counts were normal. Bone marrow showed erythroid 
hyperplasia at an erythroblastie level. 


One patient, a 38-year-old white man, was observed for eighteen months 
with severe anemia refractory to oral and parenteral therapy with iron, fola- 
cin, Leucovorin, and vitamin B,,. A delayed, atypical response followed intra- 
muscular administration of large amounts of crude liver extract; however, 
remission was not maintained with continued administration of this prepara- 
tion. Optimal hematological response followed oral administration of Liquid 
Extract of Liver, U.S.P., 90 ml. daily for ten weeks. <A reticulocyte response 
occurred with a peak of 26 per cent on the eighth day of therapy, and the 
hematocrit rose from 20 per cent to 42 per cent in fifty-one days. Six months 
after cessation of therapy, the hematocrit had fallen to 28 per cent. An opti- 
mal response then followed oral administration of a 70 per cent ethanol- 
soluble fraction in amounts equivalent to 90 ml. daily of the crude liver ex- 
tract. On subsequent relapses, suboptimal response followed daily doses of 
45 ml. of the crude extract, and no response was obtained with 30 ml. daily. 


The second patient, a 41-year-old Negro man, had moderately severe 
anemia for eight years that was refractory to iron, vitamin B,., folacin, and 
Leucovorin. Hematological response followed oral administration of Liquid 
Extract of Liver, U.S.P., 90 ml. daily for five weeks. A reticulocyte peak of 
7 per cent occurred on the thirteenth day of therapy, and the hematocrit rose 
from 28 per cent to 44 per cent in fifty-two days. 

These patients, then, present a unique iron-refractory, hypochromie, nor- 
moeytie anemia. <A deficiency of vitamin B,:, folacin, or Leucovorin is un- 
likely in view of the erythrocytic morphology, the absence of megaloblastosis, 
and failure of response to these substances. The response to crude liver ex- 
tract demonstrates that this preparation contains some other erythropoietic 
substanee. Studies are in progress for isolation and characterization of this 
factor. 


58. TEMPORAL ARTERITIS: A FOCAL LOCALIZATION OF A 
SYSTEMIC DISEASE; REPORT OF 105 CASES 


Bayarp T. Horton, M.D., aNp Tuomas B. Macatu, M.D. (By Invitation), 
ROCHESTER, MINN. 


Temporal arteritis was first encountered at the Mayo Clinic in the spring 
of 1931. First deseribed by Horton, Magath, and Brown in 1932, it was recog- 
nized as a new disease entity in an editorial in the Journal of the American 
Medical Association on June 22, 1946, based on reports of 38 cases from the 


world’s literature. 
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From 1931 to 1955, a total of 105 cases were observed at the Mayo Clinic. 
The disease occurs exclusively in older persons, the average age being 69.1 
years. Of the 105 patients, 49 were men and 56 were women. The cause is 
unknown. The early stages of the illness usually give no clue as to its nature. 
Severe headache and symptoms of sepsis may persist for weeks before the 
appearance of the typically swollen temporal arteries. This is the foremost 
clinical feature of the disease. The involved arteries have been resected in 
63 per cent of our patients and ‘‘giant-cell arteritis’’ is the dominant histo- 
logie feature. 

Permanent loss of vision in one or both eyes, which is now recognized as 
the most serious complication of this disease, was first encountered in 1937. 
The patient, a man aged 70 years (seventh case in our series), was blind in 
both eyes. He remained blind but enjoyed good health until his death at the 
age of 82 years. Some type of ocular involvement ranging from diplopia to 
complete blindness has been observed in 51 per cent of the cases at the elinic. 
Of the 105 patients, 21 had bilateral loss of vision and 11 had unilateral loss 
of vision. The disease is usually nonfatal and tends to run a self-limited 
course of 4 to 30 months. Only one patient died while under observation at 
the clinic. Some patients have lived as long as 15 and 17 years after recovery 
from this illness. 

Cortisone has been used in the treatment of temporal arteritis at the 
Mayo Clinie since November, 1949. The incidence of blindness has been 
definitely decreased since cortisone and corticotropin (ACTH) have been 
employed in the treatment of this disease. 
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